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PEEFACE. 



In presentlffg to the public ft new tecbaioal work, it ia the 

custom to oiler some sort of apology for its appearance ; Lence 
the author of this treatise, in order not to be coDsidercd pecu- 
liar, feels it incumbent upon him to do likewise. Moreover, 
(here is id this case a good reason for beginning his hook with 
fta apologj, beoftoae of hiB audacity io impcMsiiig upon the 
good aatuxe of the engineerlDg profeesioa by asking its mtxor 
ben to read still another work upoD the already overwritten 
subject of bridges. If he could do so, the author would 
here plead primum icmpus; but this is by no iiicans Jiis lirst 
offence. Perhaps, though, the fact that it is twelve years since 
the ap|>earance of his last book (pamphlets, of course, ex- 
cepted) will be considered by his ciUics as a ''mitigatiag cixv 
cumstaoce" in this case. 

But, to s|;»eak seriously, if this work were a mere rehash of 
other book% or if it dealt whh the same old, worn-out sob- 
jects, the author would not pveeume to priseafc It to the 
engineering profession ; but, on the contrary, in writing it he 
lias endeavored to nuikc tlic coutcnts as original as possible, 
and to treat essentially of the fundamental principles of 
bridge-designing and their application. It will be noticed 
throughout tl^e book that quotations from other works on 
bridges are ^'eonspiciious by their absence," and that the 
author has drawn almost eatiraly «p<m his own professional 
practice for examples to illustvate his text. For the latter no 
apology is Mqulrsd, because bis own designs ^ far as the 
process of development has permitted) have naturally been 
made in conformity with the principles which he hei^in offers 
as a guide to bridefe-desigiiini^ ; and they are therefore more 
A^ropriate as illustpratious than the Uesigas of others. 

T 
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Tbc author deaires it to be distinctly understood at the out- 
set that he by uo means claims that the methods of designing 
and construct ioD given herein are all either original with him 
or are the only correct methods ; they are, however, the veiy 
best of which he knows, whether they originated in his prac- 
tice or were adopted in whole or in part from the practice of 
others. 

Probably the first point in connection with this lx)ok wliich 
each reader will find to criticise is its peculiar title. Each 
will probably remark, ** Why, in the name of common sense, 
did the author choose such an indefinite and outlandish title 
as <De Pontibus'?*' Beader, its indefiniteneas is its most 
praiseworthy feature ; for the work is certainly not a complete 
treatise on bridges, being eminently lacking in ilhistratfons of 
details, and entirely without any treatment of the thLory of 
stresses ; and what title could be more appropriate to such a 
book than the indefinite one, '* Concerning Bridges" ? But, 
the captious reader will reply, **Why revert to the Latin 
language? Is not English good enough ? " Certainly it is; but 
the author had a sound reason for using the Latin, which he 
will proceed to explain^ ns the said captious reader will 
assuredly not be satisfied without some explanation. 

For five consecutive years of his early life the author de- 
voted more than half of his working time to the study of the 
Latin language ; and this is the fii'St opportunity which has 
occurred during the twenty-two years of his professional 
career to put the knowledge (?) so obtained to any practical 
use. Moreover, lie fears that» even if he be so fortunate as to 
be able to practise his profession another twenty-two years, 
no other occasion will occur to use it, so he feels the necessity 
for grasping this unique opportunity of a lifetime. 

Captious reader, are you now satisfied ? 

That many readers will have faults to find with the book 
goes without saying. Some may object to its incoinpleteness* 
iu that it does not treat of stresses and that it gives principles 
without actual examples of their application. To these the 
author would reply that any information desired conceraiog 
the subject of stresses can be found in such standard works on 
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bridges as those of Profs. Bun , Du Bois, and Johnson, and 
Uiat. if be were to attempt to illustrate the principles by 
actual exampliis of deaigaing, hi» book would never be 
finished. 

As stated in Chapters XI and XIX» the second edition of 
the jauthor's *'Qeneral Spedflcations for Highway Bridges of 
Iron and Steel'* and the first edition of his "Compromise 

Standard System of Live Loads for liuilwny Bi idgca and the 
Equivalents for Same" are now exhausted, and will not be 
reprinted, as tliis treatise wili replace them. 

lu wriUng Cbaptere XV, XVI, XVU, and XVIII it was 
fouad necessary to copy certain portions of Chapter XIV in 
order to make the yarious specifications complete; hat the 
amount x>t repetition was made as small as possible .by 
referring, wherever no changes were introduced, whole sec- 
tions of one set of speci^cations to the corresponding sections 
in a preceding set. 

The subject of suspension bridges is not dealt with in this 
work, partly because until lately the author has not paid 
much attention to this class of structures, and partly because 
they are so di£[erent from other bridges, being suitable for 
▼ety long spans only, that each sospension bridge requires 
special specifications of its own. 

The author has the presumption to hope that there will be 
considerable demand for this book, for he considers that it 
will be useful to the followinir classes of readers : first, to 
practising bridge-engineers, because of many little suggestions 
that will help them to effect improvements and to avoid mis- 
takes ; secoud, to young engineers In offices of bridge spe- 
cialists and of bridge-manufacturing companies, for perfecting 
them in their work ; third, to professors of civil engineering, 
to show them the practical side of bridge-designing and 
building, and to aid them in giving their lectures on bridges ; 
fourth, to students of civil encfineering, as a supplementary 
text-book that will enable them to understand the application 
of what they have learned during their course in bridges; 
fifth, to railroad engineerst because of the bridge specifications 
contained, and to instil into their minds the importance of 
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iMving their bridges properly designed, manufnctufadt in* 
^eeted, ilkipped» and eieeted ; and, fiixtb, to « cottitjr 
coiiBniaeionera, who may deske to oteln ihroogb the ap«sift- 

cations good highway bridges at minimum legitimate eoat 

The author has endeavored to make the taHoas speeiica* 
tions in this book thorough, correct, and complete. If he has 
failed to do so in any parlicuiar, he wouW feel deeply in- 
debted to any one who will point out to him how and where ; 
and he would be grateful to any reader who wiU inform him 
of any typographical or other errors that be aoay disoGTer ; 
lor ail errors found la the first edition will be oonrecttd in the 
aeoond, piovided the work be well enough received by tbe 
profesrfon to warmnt tiie Issue of aBother edf tfon. 

In conclusion llie auihor desires to iickaowledgc with many 
thanks his indebtedness to bis assistant engineers, Ira G. 
Hedrick, Assoc. M. Am. Soc. C. E.; Lee Treaciwell, M. Am. 
Soc. C. and John L. Harrington, Jun. Am. Soc. C. E.» 
:for yalnable aid rendered him in the prepoiation and dieofeing 
of the MS* of this worh« 

KAHfiAS CiTX, ])io., OcU 18, 1887. 
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CHAPTER I. 
IHTRODUCTION. 

Whil» it Is true that the development of bridge-bufldfn^ 

in America owes much to the syslera so long in vogue of 
bill ding on competitive plans, in that such competition has 
tended to sharpen the wits of thp en u iiK ers of the competing 
companies, it is equally true that the said competition has done 
all the good it can for the science of bridge-designing, and 
BOW acta as a clog to prevent its further advancement. The 
correctness of this assertion scarcely needs any demonstration, 
bat it maybe well, notwithstanding, to give here a few reaaoni 
therefor. 

As human nature h the same the world over, and as men in 
gennnil are working for the almighty dollar, it stands to rea- 
son that when a bridge-company's engineer is preparing upon 
fixed specifications a design to be used as a basis for a competi- 
tive bid, and when he knows that in nhieteen cases out of 
twenty the contract will he awarded to the lowest bidder 
whose design conforms to the letter of the specifications, 
although it may not be up to the requirements of good 
engiu'-ering practice, he will take ndvaiitage of every weak 
point and omissinn in sjiid jsj^ccilications, even if his engineer's 
conscience proclaim the design he submits to be worse than 
faulty. As it is entirely practicable to take advantage of any 
set of railroad-bridge specifications yet published. It is evident^ 



Digitized by Google 



s 



D£ PONTIBUS. 



that as long aa oompetitive, lump-sum bids are the faahion, 
just so loDg will railroad bridges be badly designed. As for 

highway bridges, tbeir letting, designing, and construction 
are so often left in the hands of such incompetent and unscru- 
pulous parties that, until some f uuclauu ntal change in existing 
couditious be effected, nothing can be dune to improve the 
present unscientific, wretched^ and even criminal methods of 
highway-bridge building. 

Concerning the prejudicial effect of competitive designing 
upon the development of the science of bridge-engineering, 
the author can speak authorltatlTely, because for about six 
years he acted as engineer to a bridge company. During that 
time he lost luauy contracts for small bridges because he 
insisted on incorporating in his designs rcrinia features re- 
quiring extra metal, which features he cou^dered essential, 
idthough they were not called for in the specifications. On 
the other hand, he once earned a commission of more than 
ten thousand dollars upon a single piece of work by knowing 
how to take the greatest advantage of the specifications upon 
which bids Were requested. In defence of this action, how- 
ever, it must be mentioned that it wu^ understood at the outset 
that, after the selection of the successful compeliiur, tlie 
contract was to be adjusted upon the basis of a pound price 
for the metal*work. By reason of this feature, the author 
was able to correct later on all the weak points of his prelimi- 
nary design to such an extent that the structure until within a 
few years was by far the best of its kind built. 

Tills case is given merely as an illustration of how great are 
the possibilities for trimming a design which is based upon 
ordinary standard speciiicaiions, and how great is the tempta- 
tion to take advantage thereof. Another way to illustrate 
this point is to compare the weights of the structures manu* 
factured and built by any bridge company by the lump sum 
with the weights of similar structures manufactured and built 
by the same company for a pound price. The difference in 
weight often runs as high as fifteen or twenty per cent or even 
higher, if there be uo supervising engineer to iiuld the bridge 
company in check. 
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For a railway company, the most satisfactory method of 
building bridges is either to have a perniauent, competent 
bridge engineer in its employ, or to retain some specialist of 
established reputatiou to prefmre specifications and complete 
detailed plans (not working drawings* however) for all ila 
bridge^ and to provide competent inspectors to see that 
during manufacture^ shipment, and erection the plans and 
speciflcatioDS are strictly followed. 

The necessity for the specialist to stand between the pur- 
chaser and the manufacturer uf structural steel is, as a general 
rule, not aj){)ie( i!Ll<jd by the pnichaser, unless he has already 
had some experience iu letting contracts for and in the building 
of Steel structures without engineering aid in the designing 
and supervision. When the purchaser puts himself in the 
hands of the manufacturer, he is pretty sure to get the worst 
of it ; for if the contract be let by schedule prices the struc- 
ture is liable to be loaded down with useless metal, while if 
the co[itract be let for a lump sum the structure will probably 
be ruined by having the metal skinned " out of it, especially 
in the most important parts, viz., the details. Moreover, the 
manufacturer is seldom capable of evolving a truly first-class 
design, for the reason that his training has always been in the 
line of his own pecuniary interests, which are to obtain the 
maximum of pay for the minimum of structure ; so that, even 
when given all the metal and money that he could ask for 
when preparing a design, he would not succeed in making a 
really good one. simply becaiLse of not knowing how. 

On the other iiand, ihe specialist should stand between the 
contractor and the purchaser, so as to see that the latter does 
not take any undue advantage of the former by means of a 
harsh or unjust interpretation of the specifications, especially 
when the contractor has suffered loss or delay on account of 
causes beyond his controL 

Occasionally a manufacturer offers to prepare the plans for 
certain portions of the work on the plea that he has had so 
much more experience iu such matters than the engineer. The 
accept&nce of this offer by either the purchaser or the engineer 
fB a mistake ; for the engineer, if he have sufiicieut ability to 
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warrant his he\ng retained on the work, can by careful study 
almost always evt^lve a better design tlian can the contractor, 
even if it be the first experience which the former ijas had iu 
coDuectioti with the portion of the work under consideration. 
On two or three occasions ouly» and sevenii }rear» ago, the 
author y^as either induced or compelled by the purchaser to' 
defer^o the greater e3q>erience of the contracting engineer ; 
and in each case he has had reason to regret the concession ; 
so he has couchuied that in future he will receive with thanks 
any suggestions which the manufacturer may offer, give them 
due consideration, and then make the design as he himself 
sees fit. 

CoQsidemble opposition to the methods of design advanced 
in this work and to the specifications given is anticipated, on 
the plea that the requirements are too exacting and that the 
class of work called for is unnecessarily refined and conse- 
quently expensive. To such opposition the author would reply 
as follows : First, the designing and building of l)rid«res and 
similar structures cannot be too well or carefully done ; and, 
second, tiiat within the last three years, upon some fifty or 
sixty thousand tons of the author's work designe<l in accord-* 
ance with the said methods and built in accordance with the 
said spedflcations, the prices quoted by the competing man- 
sfacturing companies were extraordinarily low, and that no 
' Coraplahii of any accoiuit has since l>een i aised by the manu- 
facturers in respect to the expense involved by either Uie de- 
signs or the specilif ations. 

The principles of design given in the succeeding chapter 
should be adhered to in all structural metal -work ; and my 
violation of any one of them is a mistake that will be regretted 
sooner or later by the parties owning the structure. Many of 
these principles are violated constantly by shop draftsmen, 
even when the engineer's drawings show the details correctly. 
This is due partly lo cu<?:om in designing cei taiu details in 
certain ways, and p:irtly to the iLniomnce of the draftsmen. 
The author would urge u]>on young engineers who arc work- 
ing on plans for structural metal-work to adhere lo the prth- 
ciples herein given whenever it is practicable for them to da 
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WO. Had more attention been paid to first principles of de- 
gigu when the plans for most of the New York and Brooklyn 
elevated raiiro^ were being prepared, millions of doUure 
woaUl have been saved. Tliis atatemeDt can be verified by a 
pertual of the author^s paper on Elevated Railroads, referred 
to and quoted from in Chapter Villi more especially the 
rhumS of the discussions and Mr. Hedriclc's report on the 
said New York and liiooklya elevated railroads. 

In spite of all the care that the most expert designer can 
give to his work, errors of greater or less uiaguitude will creep 
in occasionally; and one can always improve somewhat upon 
any finished design. Such Iseing the case, it follows that the 
designing of ateel structures should be intrusted to expert 
and disitttereited designers only, instead of, as is generally tlie 
case, to the cheap draftsmen employed by the manufacturing 
< ompauies. 

There are a few features of the specifications given in Chap- 
ters XIV. and XVIIT. which will require a little explanation 
or comineut. This will be given in this chapter, the various 
iteois being treated* as nearly as may be, in the order in which 
they ocour in the said speeificatiDns. 

*• A " Tkuss Bridgbs. 

This slyic of structiiie, originated by the authoi and covered 
by letters patent, is a four-paiu^l truss- hridge Lavuig e^ c-bars 
iu bottom chords ami centre vei licals, and rigid members for 
all the other portions of the trusses and for tlie entire lateral 
ayslem. It was evolved in this way: For a number of years 
the author was dissatisfled with all raiiraad bridges for spans 
between the Superior limit of the plate-girder and a length of 
about one hundred and fifty feet, ordinary pin-connected, 
through, Pratt trusses being too light and vibratory, and the 
riveted bridges as then built being clumsy, uubcieutific, and 
uneconomical. On this a^'^'ouDt he tried for. sonie time to Lind 

-<an opportunity to experiment upon a design of his own to fill 
a portion of the gap, but the opportunily did no^ occur until 

vApril iafifi, when, he was retained by the General Manager of 
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the Kansas City, Pittsburg, and Gulf Railroad Company to 
design some bridges. After a little persuasion the Genend 
Manager was induced to agree to build a 100-ft. "A" truM 
spaa as an experiment; but when he saw the completed plans 
he ordered at once four bridges to be built therefrom, and thk 
style of struetuve was soon afterwards adopted as the standard 
100*f t. span for the road. 

These bridges have shown such rigidity under truffle that 
they have been used on the St. Louis Southwestern Uailway, 
and have beenadoined as the standard for spans bet ween sixty- 
five feet and one hundred and sixteen feet by the Nippon Kail* 
way Company of Japan. 

The advantages of this type of bridge are great rigidity in 
all directions* ease and cheapness of erection, and economy of 
metal when it is compared with stmctoies of other types hav- 
ing equal strength and rigidity. 

IMFACT. 

The uncertainty as to the magnitude of the effect of impact 
on bridges has for many years been a stumbling-block in the 
path of systemization of bridge-designing, and w^ll continue 
to be so until some one makes an exhaustive series of experi- 
ments upon the actual intensities of working stresses on all 
main members of modern bridges of the various types. The 
making of these experiments has long been a (lre;un of the 
antliur's, and it now looks as if it woiihl anionnt to more than 
a mere dream : for the reason that the general manager of one 
of the principal Western railroads has agreed to join the author 
in the making of a number of such experiments on certain 
bridges of the author's designing, the railroad company to 
furnish the train and all facilities* and the general manager 
and the author to provide the apparatus and experimenters. 
It is only lack of time that lias prevented these experiments 
from lieing made this year, and it is expected that they will 
be hnished in 1898. It is hoped that the result of the experi- 
ments will be either to determine a proper formula or curve 
of percentages of impact for railroad bridges, or else to 
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inaugurate a series of further experiments that will determine 
it. 

Jfeauwliiie the nuthor has adopted temporarily the formula 
given in Chapter Xiy,» yIz., 

4000D 

in which / is tlie percentage for impact to ha added to the live 
load, and L is the length in feet of spaa or portion of span 
that is covered by the said load. 

This formula was established to suit the average practice of 
half a dozen of the leading bridge engineers of the United 
States, as given In their standard specifications, and not because 
the author considers that it will give truly correct pcrceutagcs 
for impact. 

In spite of all tliat has been said to the contrary in the past 
or that may be said iu the future, the impact method of 
proportioning bridges is the only rational and scieutifically 
pitustical method of designing, even if the amounts of impact 
assumed be not absolutely correct ; for the method carries the 
effect of impact into every detail and group of rivets, instead 
of merely affecting the sections of the main members, as do 
the other methods in comnion use. 

The assumption matie in some specifications that the live 
load is always twice as important and destructive as the dead 
load, irrespective of whether the member considered be a 
panel suspender or a bottom chord*bar in a five-hundred«-foot 
span, is abaurd^ and involves far greater errors than those tliat 
would be caused by any incorrectness in the assumed impact 
formula. 

The author acknowledges that he anticipates liuding the 
values given by ihp formula somewhat liii^h ; but it mn.st be 
remembered that the said formula is iuteudcd to cover in a 
general way, also, the effects of small variations from correct- 
ness in shop-work, or to provide for what the noted bridge 
engineer, the late C. Shaler Smith, used to term the factor of 
ignonnoe. 
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Using a uniform tension intensity of 18,000 lbs. for eye-bars 
and 16,000 lbs. for built members will straiu the metal up to 
nearly one half of the elastic limit shown by specimen tests, 
and probably somewliat higher than cue haU of same shown 
by tests of full-size members. So long as the greatest actual 
inteosity of working stress is kept ia the neighborhood of one 
half of the elastic limit, sufficient precaution has been taken 
against all possibility of failure by load even in the far-distant 
future. 

'1 he impact formula for highway bridges given in Chapter 
XYI.. viz., 

10000 

was established to fit (he author's practice. Its comotness Is 
tiot likely to be ever determined by experiment. 

XBDrOlC 8TEBL/ 

The reason for using this metal almost exclusively and 
barring out soft steel, except for rivets and adjustable mem- 
'bers, is because the two kinds of the raw material cost almost 
exactly the same per pound, while medium steel is the 
stronger of the two by fully fifteen per cent, and is in every 
particular just as reliable and satisfactory for use as soft steel. 
The only advantage claimed for the latter is that it requires 
no reaming, which, in the author's opinion, is a fallacy, be- 
cause, in order to obtain proper matching of rivet-holes in the 
various component parts of a piece, reaming is a $im qua nan* 

HIGH 8TEKL. 

The use of this mateifol is limited to those portions of very 

long spans where the impact is small, and where there is 
neither reversion of stress nor any con dition even approaching 
same. The speciti cations bar out its eiuployment for inter- 
mediate posts of simple trusses, because la modern, long-span 
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bridges the top cMords mre so curved that the stresiei in yerticil 
posts either zeTerse or vaiy between wide Ihnlts. 

BUBFUHCHIKG AHD KOAMINO. 

To inaugurate the exclusive use of this process for all 
]niiK>rtant work in structural steel, the author has fought a 
loDg and bitter fight with the manufacturers, and it begins to 
look as if he were going to win eventually. At any rate he 
has succeeded in having it adopted on all of his own work for 
several years past in spite of a most powerful adverse influence 
brought to bear upon the purchasers by certain of the i;irgest 
m:iuufacturers in the United States. A^in, in liis paper on 
Elevuied Kiiilroads he has advocated most unequivocally the 
adoption of subpunching and reaming on a.11 important metal- 
woik, and his views liave been indorsed by a majority of the 
engineers who discussed the subject. Any reader who is in 
doubt concerning this question is advised to read all that is 
written on the subject in the original paper, the discussions, 
and the rmu7ae, all of which have been published in the Tram-r 
aM>m of the American Society of Civil Engineers for 1897. 

PAINTIN0. 

In xeq)ect to painting structural steel, engineers as a body 
appear to be unsettled in opinion. Each one either has a pet 
paint of his own or else is experimenting in a hapliazard way 
to find one. In the retim/U of the aforesaid paper on Elevated 
Hallfoads the author wrote as follows in respect to this matter; 

*'ln short, the enginccriug profession is all ut sea on the 
paint question, and is likely to renmin there until tliere is 
some organized investigation made. In the author's opinion 
the subject is one of sufiicient importance to warrant the ap- 
pointment of a special committee of the Society to experiment 
and investigate on the subject for a term of years until some 
valid conclusions can bo reached." 

A abort time ago the author followed this with a formal 
proposition to the Society to appoint such a committee ; but 
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the motion after considerable discussion both pro aod eon was 
loftt. Considering the fact that the people of the United States 
are inyestlng aonually manj milliooa of dollars in structural 
steel, and that no satisfactory preservative for the metal has 
yet been found, one would think that the question of the best 
kind of paint for metal-work and the best method of painting 
would be a proper subject of investigation for a special com> 
mlttee of the American Society of Civil Engineers. 

Since this Tiegative voK? was cast, the technical papers have 
stated that certain parties in New York City have at consider- 
able expense inaugurated a series of practical tests of a num- 
ber of brands of metal-work paint. The results thereof ought 
to be of great value to the engineering profession ; but the 
good work should be carried still farther by an authorized 
body of well-known engineers, who would be willing to 
devote a portion of their time for many years to the investiga- 
tion. 

A perusal of this introductory cliapter may cause tlie reader 
to think that the author is at variance with the manufacturers 
of structural steel ; but such is by no means the case, for his 
relations with them on construction are almost invariably of 
the most pleasant description. Moreover, the assertions made 
herein concerning the opposition of steel manufacturers in 
general to improvemenLs in design and in the quality of the 
manufactured product do not apply to all of the manufac- 
turers of structural steel in the United Slates ; because there 
are several companies who are always ready to do anything in 
reason to aid an engineer in making investigations and im- 
provements, and who are continually putting in new machin* 
ery for the purpose of bettering their output. It is altogether 
natural that the manufacturer should try to make all the 
money he can by adopLiiig simple details whicli are easily 
manufactured and easily put together in the field, and by h\ aid- 
ing such slow and tedious shop processes as subpuuchiug and 
reaming; and it is also altogether natural that the consulting 
engineer should use every endeavor to secure certain results in 
finished structures which are in the line of improvement and 
of ultimate economy for his employers : hence it is to bo ex« 
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pected that the said manufacturers and engineers will occa- 
sionally disagree, and that e^ich party will battle for bis sup- 
posed rights. This is, however, no reason for ill feeling or 
for any conflict between the manufacturer and the engineer 
after the contract la awarded on fixed plans and specifications. 

The reader Is advised to examine the yarious tables appended 
to th'S book so as to see if be can titUize them in his work and 
thus s^ive him^lf bome uiuiect^saarj labor iu making compu- 
tations. 
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KIB8T PJBINCIPLB9 OF DBgI6£aNQ« 

Both the student and the practitioner in bridge*designing 
will do well to recognize and bear constantly in mind certain 

fust principles of design ; and to euable them to do so, the 
author oiferii ihc following, which he considers will cover the 
essential fimdameutal principles that should gover?i the de- 
signing of all structural metal-work. Most of these will he re- 
peated m the General Specifications " given in Chapter XIV. 
under the heading " Qeneral Principles in Designing all Struc- 
tures/' for the reason that the said specifications would be in- 
complete without them. 

The reason for this special chapter being devoted exclu 
sively to these general principles is that the subject is of the 
utmost importance, and needs much more elaboration than 
could properly he given it in specilicaLions. On this account 
the statement of each principle herein will be followed by re* 
marks of an explanatory natui^e giving its rauon d^Hre or ap-' 
plication. It is to be noticed that the numbering does not 
agree with that of the *' General Principles" in Chapter XIV. 

The attention of the reader is called to the fact that this 
chapter is by far the most im[)orlaiit one in the book, in that 
it contains in a concentrated form the most important conclu- 
sions <lrawn from the author's entire experience in his chosen 
specialty. The principles given have been established mainly 
by observation of the mistakes of others, and in a few cases, 
it must be confessed, by those of his own. 

Pew designers care to make public their errors for fear of 
the result being to their disadvantage ; nevertheless far more 
is learned from the mistakes of construction than is learned in 
any other way. 

Id 
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The mil hoi would therefore sujrircst to the reader that he 
peruse ibis chitpter carefully more tUtui once before proceed* 
log to the next. 

Principle I. 

filmplicity Ip one of the blgheet attxibutee of good deiigop 
ing. 

It is generally by means of a widt rxperience only that tlie 
young bridge engineer learus the truth of this afisertioa ; but 
the older he grows and the more knowledge he acquires the 
more conTinced does he become that simpUcfty, not only in 
design p but also in methods of execution of work, is one of 
the most important detideruta. 

Other things being equal, that design which is the most 
simple, or contains the fewest parts, or involves the easiest 
connections, is the one which will be preferred by competent' 
judges. 

Principlb II. 
MThe easiest way's the best." 

Although this principle was not enunciated originally in 
relation to structural metal-work, it nevertheless applies to it 
just as well, for the most successful engineer is he who in a 
given lime can accomplish iu a salislaclory manner the great- 
est amount of work. 

This he can do only by the use of every labor-saTing device 
of real value, by, systematizing to the greatest practicable ex- 
tent all that he does, and by making a thorough study of true 
economy of time and labor. 

Prikoifijc III. 

The systemization of all that one does in connection with 
his professional work is one of the most important steps 
that can be taken towards the attainment of success. 

iVor is this by any means all that can be said in favor of 
estuldishiug a thorough sysK m »»f doing work; because, in ihe 
fifat piae^ such Ot, sjsteu^ enables, one to accomplish a greai 
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deal ill a Teiy short time, and, in the Bccond place, it ia a aab- 
ject of the greatest satiafacUon and gratification to the man by 

wiium it wua evolved. 

Pbinciflb ly. 

There is an inherent sense of fitness in the mind of a 
well-trained and well-balanced metal-work designer, which 
sense of fitness is of the greatest importanoe in all that he 
does. 

It is this sense of htness which enables him ofteu, when in- 
specting the work of other designers, to see at a glance faults 
and flaws that would escape the observatioD of an uutruined 
man. This &culty of rapid and correct judgment is one 
which can be deyeloped, and one that should receive constant 
attention throughout an eDgineer's entire career. It is of spe- 
cial value in an office which employs a large number of drafts- 
men and computers, all of wliuse work Ikis to be checked by 
tlie hem] of the office or by a reliable u?>iiistuut. Nor is it only 
in connection with the work of others that this faculty is 
valuable, for it is often serviceable to an engineer on his own 
personal work, perhapa even without his being conscious 
thereof, saving him from making errors which pure theory 
might not enable him to detect, or which the authorities in his 
line have not yet recognized as errors. An example of this 
occurred some years ago iu the author's practice which will 
serve to illustrate the point. 

In proportiouiug reinforcing plates at pinholes, especially 
for hinged ends, the author has made a practice of instructing 
his draftsmen to extend these plates considerably beyond the 
length required by the theoretical number of rivets necessary 
for the connection, without his being able to give any valid 
or scientific reason for so doing. By some experiments made 
upon the ultimate Strength of certain colunius with hinged 
ends, the results of which were published in the Tranmc- 
tions of the Engineers' Society of Western Pennsylvania, Mr. 
Thomas H. Johnson has shown that such pin-plates, unleaa 
extended beyond the length required by the theoretical nam* 
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ber of rtyels, fail before the fall slfengtli of the compixmnlim- 

membei is developed. 

Principle V. 

Thflire are no bridge apecifioaliaiii yet written, and there • 
pcobably never will be any, which will enable an engineer 
to make a complete dedgn Ibr an important bridge without 
using his Judgment to settle many pointe which the apeci- 

fications do not properly cover; or as Mr. Theodore 
Cooper puts it ; "The most perfect system of rules to insure 

success must be interpreted upon the broad grounds of pro* 

^aeional intelligence and common senae." 

At first thought one might conclude that this speaks badly 
for motleni sUadard bridge specilicatious, and to a cerLuiu 
lirailed extent he would be right ; for while it is quite true 
that no rail way- bridge specifications yet published begin to 
cover the entire ground of ordinary bridge-designing at all 
adequately, or nearly as thoroughly as they might readily be 
made to do, nevertheless it is also true that the science of 
bridge-designing is such a profound and intricate one that it 
is absolutely impossible in any specification to cover the entire 
field and make rules to govern the jjcieulilic pioporliouiug of 
all parts of all structure. 

The author has done his best in Chapters XIV. -XTX. of 
this little treatise to render the last statement incorrect, but 
with what success time alone can prove. 

FBINCZPIiB YI. 

In every detail of bridge-designing the principles of true 
economy must be applied by every one who desires to be a 
auccesaful bridge engineer. 

This subject is such an important one that to Its consldera- 

tion the whole of the next chapter will be devoted. 

Principle VII. 

In bridge-designing rigidity is qnite as important an ele- 
mmaX m ia mare strength. 
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III Iket eaeh of - these properties is dependent upon the 

other, because if a iiUucture be amply proportioned in its 
main members for the assumed loads, but improperly sway- 
braced, the actual dyuamic stresses will be greatly in excess 
ci the live-load stxessea piovided for» and the meM will be 
overstrained in consequence ; while, on the other hand, if 
rigidity be provided for by ample sway-bracing, but at the 
same time the main members of the structure be not ade- 
quately proportioned, the overstrained metal of the latter will 
cause vibratioii Lo be set up in spite of the sullicieiicy of sway- 
bracing. Both of these faults are to be found iu existing 
structures. The effect of the first fault is usually the gradual 
wearing out of the structure by impact and rack, and that of 
the second,, the sudden collapse of the bridge without previous 
warning* 

PlUNCIFLE VIII. 

The steength of a struoture Is measmred by the strength 
of its weakest part. 

This statement is as old as the hills, but is just as valid to- 
day as it ever was. The ignoring of its prime importance is 
constantly the source of waste of metal in structures, f unda- 
mentally weak in certain portions, by increasing the weights 
of other portions^ and thus adding to the total load that the 
weak parts have to carry. 

Pbikcipub IX. 

In bridge-desigaing .pvovision must always be made for 
the. effect of impaot» either by Increasing the calculated 
total stresses by a ▼ar3fing percentage of the live-load 
stresses, or by decreasing the Intensities of working stresses 

below those allowed for statically applied loads. 

DiHerent specilicatioas accomplish this result differently. 
The former method is undoubtedly the more scientific and 
rational one, but the latter is the more common. The reason 
for this is that engineers, as a rule, dislike to specify various 
percentages to add to live loads for impact, when such per* 
ceutages are established entirely by guesswork. An ektb^ 
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rate system of tests of actottl fotensHies of working stresses 

for all mixin members of niodcru bLi^el briciges under live 
loads, applied wiiii vhi viug velocities, is piubably more ur- 
gently needed at the present lime by the engiueering profes- 
sion than is any other series of experiments. 

In ibe specificalioos of tbis treatise the effect of impact is 
provided for, how correctly only such experiments as those 
just referred to can demonstrate* As iiointed out in Chapter 
I. , the determination of the various amounts of impact was 
made solely by adopting a few lixed intensities of working 
stress and varying the percentages of impact so as to make 
the structures deslL^ned thereby agree as nearly as may be 
with the best general practice. If the impact formulae 
adopted are ever proved to be incorrect, it wiU be a simple 
matter to corraot them in a later edition. 

PiiiNCiFUi: X. 

In makiiig the general layout of any stmcturei due atten- 
tion should be given to the architectural effeot, even if the 

result be to increase the cost somewhat. 

There is no feature of bridge-designing which has been ig- 
nored in America to such an extent as has this ; and it is only 

of late years that even a few American engineers Lave paid 
any alteutioii wi alsouver to iestheties in that branch of engi- 
neering. The subject is such au important one Uiat to its con* 
aideiation Chapter lY. will be speciaUy devoted* 

Phinciplk XI. 

For the sake of uniformity, and to oonferm to the un- 
written laws of fitness, it is often necessary in bridge- 
designing to employ metal which is not really needed for 
either strength or rigidity. 

The designer who recognizes this fact will usually produce 
structures of finer appearance than the designer who ignores 
it because of false notions of economy. 
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Fbingxflb XIL 

Before starting a design, one should obtain complete 
data for same. 

If he fails to do ao» he will generally have to make aUeration 
after alteration as the work progresses; and, as one change 
usually entails several others, it will result that, by the time 
the work is finished, enough labor will have been expended 
thereon to complete two such designs, for which proper data 
were furnished at the outset. 

PBINCIFI4B xni. 

A skew-bridge is a stntotnre the huilding of which should 

always be avoided when it is practicable. 

It is generally possible to square the crossing either by 
swinging the centre line, or by lengthening the spans and 
squaring the piers or abutments. Sometimes, howeyer, it is 

not practicable to do either, in which case the engineer must 
make the best of a bad business. The objections to a skew- 
bridge are these ; First, it is fully twice as troublesome to de- 
sign as a square structure; second, the liability to error in both 
shop and field is greatly increased by the skew ; and, third, 
the resulting bridge is never so rigid, nor is it so satisfactory 
in a number of particulars, as a bridge without this objection- 
able feature. 

Principle XIV. 

The best modern practice in bridge-engineering does not 
countenance the building of structures having more than a 
single system of canceUationi except in lateral s3rBtems 
where the resulting ambiguity of stress distributioii la of 
minor importance. 

Some engineer may question the correctness of this asser* 
tion ; but if he will glauce through the author's paper on 
** Some Disputed Points in Railway-Bridge Designing'* pub- 
lished in the February and SCarch, 1893| number of the Tratu* 
aciims of the American Society of Civil Engineers, he will see 
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thal» as a wholes the engioeering profession Indorses the state. 

ment. The only ordinary cases where multiple systems are 
employed nowadays arc those of the lattice girder and the 
Whipple truss. The former is conceded by the leading bridge- 
designers to be unscientific, clumsy, often unsightly, and 
always uneconomical; and as for the latter, there is no longer 
any excuse for its use, because it has been ousted from the 
position it used to bold by the Petit tross^ which excels it in 
eyery particular, Including appearance, economy of material, 
and mathematical correctness. 

Pkinciplb XV. 

The employment of a redundant member la a tnuw or 
girder is never allowable under any droumstanoes, unless 
it ba In the mid-panel of a span having an odd number ol 
panels, in whioh case;! Ibr the sake of appearanoe^ two sUtf 
diagonala can be used. 

The reason for this is perfectly clear when one considers 
that it takes extra metal to build the said redundant member, 
and that its use upsets the calculatiotts of stresses, rendering 
them in U/ot Insolvable. A lengthy treatise was published a 
few years ago in India upon a method of finding stresses in 
redundant membeis, in ^vll^ch much good mental energy was 
wasic<l, for the entire book might have been written in these 
four words; ''Never use such members." It is not often that 
an American engineer is found guilty of employing unneces- 
sary pieces in his designs, but one cannot say the same of his 
European brethren. 

PkmoiFUB XYL 

The use of a curved strut or tie in bridge-designing for the 
sake of appearance (or for any other reason) is an abomina- 
tion that oannot for an instant be tolerated by a good de- 
signer. 

It is hardly lu ( essary to make such a forcible remark as this 
to American engineers, althougii in travelliug about the United 
tilutes one occasiouaUy runs across a violation of the seU- 
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evideot underlying principle in^olired In tbis statement ; but 

the published records of some of the greatest bridges designed 
by En^^lish eti^ineers show the use of pieces of trusses so 
curved that acLujiUy there is compression on one extreme fibre 
and tension on the other. Architectural effect is undoubteillj 
a very commendable feature iu bridge-designing ; but its adop- 
tion la no excuse for tbe violation of the fundumental principle 
tbat every compression or tension member of a truss or open- 
webbed girder sboald be absolutely straight from end to end. 

It seems almost unnecessary to state that the appearance of 
curvature cau be obtained by employing short panels and 
making each chord-length straight between panel points. 

Pbinciplb XVIL 

In all atractoral metal-work, excepting only the maclil^ 
nery for operating movable parts, no torsion on any mem- 
ber should be allowed if it can possibly be avoided ; 
otherwise, the greatest care must be taken to provide 
ample strength and rigidity for every portion of the struo- 
tore afiieoted by auoh torsion. 

It is not often tbat this quesUoa arises; neverihekss It is 
sometimes forced upon the consideration of the engineer. It 

CHiiio Up lately in the author's practice iu the case where nn 
elevated-railroad exit-stairway, having at mid-height a landinir 
and a 180-degree turn, had to be supported by a single columu 
in order to oomply with the demands of adjacent property 
owners. 

Princiflb XVIII. 

Tbe gravity axes of all the main members of trusses and 
lateral systems coming together at any apex of a truss or 
girder should intersect in"* a point whenever such an ar* 
rangement is practicable | otherwise the greatest care moat 
be employed to insmre that all the induced stresses and 
bending momeuta caused by the eccentricity be properly 
provided for- 

This is an important rule that is more often honored in ibe 
breacb than in tbe observance ; in fact» as far as the author 
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knows, there are only a very few bridges in wlil<^ the desired 

intersectiou iu a single point of the axes of all mcuibcis 
ass( iiibling at vnch n\wx is accomplished ; and io most struc- 
tures where ecceuiricity exists for want of such intersection, 
its prejudicial effects are not daly recognized and provided 
for. 

Prlnciplb XIX. 

Truss members and portions of truss members should 
always be arranged in pairs synunetrioally about the plane 

of the truss, except in the case of single nMMbers, tile aSM 
of which lie in said plane of truss. 

One occastouatly sees a violation of this principle even in 
important bridges ; but experience witli structures in which 
it was ignored has been such as to show most clearly that this 

cannot be done wiili impuiiiiy, for the torsion resulting from 
eccentrically connected adjustable members is patent even to 
the uninitiated. 

Pbinciflb XX. 

In proportioning main memben of bridgesi symnustry ol 
seotion about two principal planes at right angles to each 
other Is a deaiilei itiiin to be attained vriie&e'veir pi n'^t l fff i l^ lf^ 

Of course in top-chord and inclined end-post sections, 
which should be designed with a cover-plate, symmetry about 
both principal planes is not attainable. The objectionable 
features caused by want of it, however, are provided against 
by the next axiom. 

PRINCIFUI XXI. 

In both tension and compression members the centre 
line of applied stress must invariably coincide with the 
axial right line passing through the centres of gravity of 
all oroBBHMotlons of the member talcen at right angles 
thereto. 

Until very lately this important principle nas been simply 
Ignored, the effect being that the allowed intensities of woricr 
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iug stresses are often exceeded by from fifty to one liundred 
per cent because of the eccentricity tlius involved* 

PaiiiCiPLK XXIL 

The prinoiple of symmetry In designliig must be cenled 
even into the riTeting; end groups of rivets mnst be mede 

to balance abont central lines and central planes to as great 
an extent as is practicable. 

The Tiolation of this principle was exoeediDgly common 
not yery long ago ; and ctod to-day, when checking the shop 
drawings of some of the leading bridge-manufacturing compa- 
nies, the author's a^^Uluuts have to correct occasional depart* 
ures tlieref rom. 

PRINCIPLK XXIII. 

In proportioning members of bridges to meet stresses 
and combinations of stresses it is important to oonsidar 
dnly the quality, frequency, and probability of the action 
of said stresses or combinations of stresses. 

As a rule» standard specifications take care fairly well of 
this subject; nevertheless there will often occur In one's 
practice cases whidi they do not cover. The quality of stress 
should be considered in determining the sectional area of the 

member, because the greater the impact, other things remain- 
iim- Uiu isunie, the smaller should be the iuLeiisily of \vorking 
stress. The frequency of applictitiou of stress sliould be 
considered, bceause, if a certain stress or combiuiitiou of 
stresses be of frequent occurrenop, a small intensity of work- 
ing stress should be adopted, while for very infrequent occur- 
rences the intensity can be taken considerably higher. 

Finally, the probability of the application of a certain 
load or loads should be considered ; because for inevitable 
loads or combiuatious of loads the nu Uii should ])e strained 
fairly low, while for highly improbable loads or combiuatious 
of loads it is legitimate to stram much higher. Just here the 
author wishes to state most clearly and emphatically » that to 
indorse the points asserted under this heading one need not 
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be a believer in the doctriDes of Wobler and Weyraoch, and 
ia the theory of the fatigue of metals, because one's common 
sense will lead him to proportion sections of bridge members 
in accordance with the foregoing views. 

In the specifications given in Chapters XIV. and XVI. the 

impact formula* sind ihe increased iutensities for combinations 
of stresses iuvulviii fi those due to wind loads take care of this 
feature of design for all structures excepting iiigli railroad 
trestles, iu which latter the designer's professional judgment 
cannot well he eliminated. 

In all main members having an fooem of section above 
that called for by the greatest combination of stressesi the 
entire detailing shotdd be proportioned to correspond with 

the utmost working capacity of the memberj and not 
merely for the greatest total stress to which it may be 
sul;]jected. In this coxmection, though, the reduced capac- 
ity of single angles connected by one leg only must not be 
foKgotten. 

It is almost needless to state that most engineers, especially 

those connected with contracLiug companies, will disagree 
with the author on the correctness of this statement ; neverthe- 
less he has yet to see the first case where adherence to the 
principle would involve improper, clumsy, or inappropriate 
construction. If it he right, for any reason, to use an extra 
amount of metal in the section of a member, why is it not also 
right to desigu that member throughout so that, if tested to 
destraetfon. It would fail as a whole and not in a detail ? It 
seeius to tlie author that the cousiderations which require 
extra section would demand either extra strength or extra 
rigidity, or both, in the details as well as in the section itself. 

Pringiplb XXV. 

In every bridge and trestle adequate provision must be 
made for the contraction and expansion of the metaL 

Neglecting to comply wnih this principle has often been the 
cause of failure and disaster. 
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PrinCIFLb XXVI. 

No matter how great its weight may be, every ordinary 
fixed span should be anchored effectively to Its supports at 
each bearing on same. 

At one end it should be aachorod immovably, and at the 
other so as to provide for longitudinal expansion and contrao* 
tioD. Such anchorage preyents the dislodging of the struc- 
ture by wind-presauie or by au accidental blow from a moY- 
iug object. 

PRINCirLB XXVII. 

The bridge-designer should never forget that it is essen- 
tial throughout every design to provide adequate clearance 

for packiug, and to leave ample room for assembliiig mem- 
bers in confined spaces. 

There is no more fruitful source of profanity for bridge- 
erectors than the neglect of this principle; and as neurly crery 
desigiiOT h.'is to spend a year or t woiu learning loallow euough 
clearance, it follows that bridge-erectors should be given the 
benefit of "extenuating circumstances" when brought to 
Judgment for their notorious addiction to the use of strong 
language. 

Pbinciple XXYJXL 

Although for various reasons engineers are agreed that 
field-riveting should be reduced to a minimum, such an 
opinion should not be allowed to militate against the «»- 
fkloyment of rigid lateral systems. All designs should be 
arranged so that the field-rivets can be driven readily. 

One of the main reasons for the unsatisfactory condition of 
most of the elevated railroads of this country is that their de- 
signers endeavored iu every possible way to avoid field-rivet- 

iii^, so as U) kiicp down the cost of erection, and in so doing 
failed to develop the requisite amouui of rigidity in the struc- 
tures. 



Digitized by Google 



9IBST PBIKGIPLB8 OF BESIGKIHa. 25 



Pbi2?cifi«s XXIX 
BImU dunild not b« used In diMct tonirien. 

In the days of iron rivets this was an important requhre- 
ment, for the reason that the shanks were often so overstrained 
in cooling that the beads would fly off ; but this does not oc- 
cur with steel riyets. Keyertheless it is advisable to adhere to 
Ibe rule, except for vmy unimportant members where there is 
a great excess in the number of rivets above the theoretical 
requirements 

Fbinciplb XXX. 

For members of any importance two zivetji do not make 
an adequate connection. 

For such details us lattice bars, of course two rivets or even 
one rivet at each end will suffice ; but where a direct calcula- 
ble stress comes on the piece, and only two rivets at each end 
are used, it will be found that tbey will work loose^ while, if 
three are used, tbey will not, unless they be oyerstrained by 
tbe calcuUtted stress on the piece. 

Pbincifle XXXL 

Detigna must invariably be made so tbat all metal-work 
after woUon shall ba aooassibla to tha paint-bnisb, except, 
oi oonrsa^ those snrfisces which are in doaa oontaot altliar 

with each other or with the masonry. 

This clause very properly cuts out the use of closed col- 
umns, which are a fruitful source of condemnation of old 
bridges^ 

Pbinoiflb XXXII. 

In multiple-track structures, if any bracing-frames be 
used between panel points to connect the longitudinai gir- 
ders of adjoining trackr>, they must be designed without 
4iagoual8| in order to prevent the transference of any ap- 
praoiabla portion af tha live load from ona pair of girders 
to any olliar pafr of same 
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Such a transference would be doubly injurious ; because it 
would throw on some of the girders more live load than they 
were proportioned to cany, and at the same time it would 
probably overstrain the diagonals and their connections, and 
would certainly tend to distort laterally the flange angles of 
the longitudinal girders. 

P&UIGIFLB XXXTTT. 

In bridges, trestles, and elevated railroads, the throat 

from braked trains and the traction should be carried from 
the stringers or longitudinal girders to the posts or col- 
umns without producing any horizontal bending moment 
on the cross-girders. 

This is a late requirement of the author's, that has been em- 
ployed in bis designs for a few years past. Its correctness was 
established in his before-mentioned paper on Elevated liail- 
roads, 

Principi-b XXXIV. 

In trestles and elevated railroads the columns should be 
carried up to the tops of the cross-girders or longitudinal 
girders and be effectively riveted thereto. 

The correctness of this proposition also was established In 
the said paper on Elevated Railroads. 

PiUNcipJUs XXXV. 

Every column that acts as a beam also should have solid 
Webs at right angles to each other, as no reliance can bo 
placed on lacing to carry a transverse load down the 
cohmui* 

The truth of this proposition is evident when one reflects 
that a single loose rivet or a single bent lacing-bar in the whole 
line of lacing will prevent the latter from canying as a web a 
transverse load. Loose rivets and bent ladng-bars are, iinfor* 
tnnately, not uncommon in structural metal-work. 
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PjUfiCIPI.fi XXXVh 

In trestles and elevated railroads every column should 
be anchored so ^mly to its pedestal that failure by over- 
turning or rupture could not occur in the neighborhood of 
the foot if the bait were tested to destmotioii. 

As loug ago as 1691 the author designed pedestals which in- 
volved truly fixed ends for column feet; but ii is ouly within 
the last three jears thai such a detail has .begun to come into 
geneial use. The ordinary coDaection of columns to pedestals 
by an anchor-bolt at each of the four corners of the bed-plate 

extremely weak and iuellecLive. 

Pbinciple XXXVn. 

All pedestals for trestles, viaducts, and elevated railroads 
should be raised to such an elevation as to prevent the 
aocomolation of dirt and moisture about the colunm feet, 
and all boxed spaces in the latter shonld be filled ^th 
extnHrich Portland-cement oonoretek 

The neglect of these precautions causes the rapid deteriora* 
tion of the metal at bases of columns* and thus shortens the 
life of the structure. 

Fbikcipls XXXVIII. 

In designing short members of open-webbed, riveted 

work, it is better to increase the sectional area of the piece 
from ten to twenty-five per cent than to try to develop the 
theoretical strength by using supplementary angles at the 
ends to connect to the plates. 

This priuciple is based upon the results of some Inte tests of 
the author's on the strength of single auglesand pairs of uugles 
connected by one leg only, by which he found that 6"X 3^'' 
angles thus connected deyel<^ped ninety per cent of the ulti- 
mate strength of a flat bar of equal net section, and that8"x9'' 
angles developed seventy-five per cent of same. 



Digitized by 



28 



BB POimBTO 



Pringiplb XXXIX. 

Star-struts formed of two angles with occasional short 
pieoM of angle or plate for gta3ring same do not make satia- 
liotory mambars. Battar raaults ara oblainad by plaoiiif 
the angles in the form of a T. 

The truth of this statement was established by another series 
of experiments of the author's made at the same time as were 
tbe last-mentioned tests. The specimen columns did not de- 
velop on the average more than seventy-five per cent of the 

resisUiuce tbey should have developed according to the usual 
straight-line formula for metal of the same tensile strength. 

Frinciplb XL. 

Xn making aatlmates of weigbta of metal the oompntar 
should always be liberal in allowing for the weight of 
details. 

It is the author*s experience that, in nearly every case» the 
weight of tbe finished structure exceeds slightly the estimated 
weight, and mainly on account of the use of moi-e metal foa 

details than was figured upon. Of course, if one sets out de- 
liberately to "skill " a bridge so as to save all the metal he 
can, the actual weights of details may be made to underrun 
tbe estimate; but such a practice is most reprehensible. 

Princifle XLl. 

hk gensaral details muat always be proportioned to rasiat 
every direct and indirect stress that may ever oome upon 

them under any possible condition, without snly acting any 
portion of their material to a stress greater than the legiti- 
mate corresponding working stress. 

This principle, wliich has been triveti before in several of 
the author s i)revious works on bridges, iuvoivcs the whole 
theory of bridge detailing. 
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Pbingiple XLII. 

Thmra ii but one correct method of chookiiig thOKoaghly 
Uie entire detailing of a finiihed design for a Btmctnrei vis.: 
''Follow each stress given on the stress diegram Iromfts 

point of application ou one main member until it is trans- 
ferred completely to either other main members or to the sub- 
structure, and see that each plate, pin, rivet, or other detail 
by which it travels has sufficient strength in every par- 
ticular to resist properly the stress that it thus carrles| 
check also the sises of such parts as stay-plates and lacing, 
which are not affected by the stresses given on the di- 
agram, and see that said slses are in ocmformity with the 
best modern practice." 

But to do all this as it should be done necessitates the com* 

puter*s being, in the highest sense of the term, an "expert on 
structural mctai-wuik/' 
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CHAPTER ni 
TRUE ECONOMY IN DESIGN. 

Tbbatisb after treatise has been written upon the subject 
of economy in superstructure design, but unfortunately the 
result is simply a waste of good mental energy ; for the 
writers tliereof invnriablv attack the problem by uieans of 
complicated mathematical investigations, not recognizing the 
fact that the questions they endeavor to solve are altogether 
too intricate to be undertaken by mathematics. The object 
of each investigation appears to have been to establish an 
equation for the economic depth of truss, or that depth which 
corresponds to the minimum amount of metal required for 
said truss; and, to start the iiivestig.'iti(jn , it sconis to have 
been cnstonmrv to make certain assumpUous wliioh are not 
eveu approximately correct. For instance, the principal as- 
sumption of several treatises in French and English is that 
the sectional area and the weight of each member of a truss 
are directly proportional to its greatest stress ; or, in other 
words, that in proportioning all members of trusses a constant 
intensity of working stress is to be used, while in reality for 
mocleru sieel bridges the intensities vary from, say, 6000 
ponn<ls up to 15,000 pounds, or, when impact is provided for, 
up to 18,000 pounds, and when both impact and wind stresses 
are included, up to nearly 24,000 pounds. Again» no distinc- 
tion is made between tension and compression members, and 
no account Is taken of tlie greatly varying amounts of their 
percentages of weights of details. 

There is, however, one mathematical investigation concern- 
ing economic truss depths which, in the author's opinion, is 
approximately correct, and which is ba^ed ou abi>umptioua 

ao 
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that are very nearly true * but it bolds gocxl only for parallel 
chords. It is this : 
Let A = weight of the chords, 
B = weight of the web, 
0 = weight of the truflS, 
and J> = depth of tnus. 

Then 0 — A-i-B. 

But the weight of the chords varies inversely as the depth, 

ft 

OT A = and the weight of the web varies directly as the 
depth, or Bss bD, where a and b are oonstantB ; and therefore 

It {7 ia to be made a minimam, we shall have, by diHtiren- 
tiaiion, 

A B 

or -5 + 5 = 0, or Ass & 

As the second differential coefficient, after substitution 

according to the usual method for maxima and miiiiuia, 
comes out positive, the result obtained corresponds to a 
minimum. 

From this it ia evident that, for trusses with parallel chords, 
the greatest economy of material will prevail when the weight 
of the chords is equal to the weight of the web. The author 
has verified this conclusion by checking the weights of chords 
and webs in a number of finished designs, finding it to be 
absolutely reliable. However, it is not of much practical 
value, because the economic depths of tnisses with parallel 
chords are pretty well known ; and, again, when spans are in 
excess of 175 or 200 feet, the chords of through-bridges are 
seldom made parallel. Moreover, the best depth to use is not 
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often Che one which gives the leant weight ti metal in the 

trusses. 

The author liuds by experience that, for trusses with po- 
lygonal top chords, the economic depths, as far as weicrht of 
metal is coacemed. are generally much greater than certain 
important conditions will permit to be used. For inatanoe, 
especially in sittg]e*track bridges* after a certain truss depth 
is exceeded, tlie overturning effect of the wind-pressure is so 
great as to reduce the dead-load tension on tlie windward bot- 
tom chord to such an extent that the compression from the 
wind load carried by the lower lateral system causes reversion 
of stress, and such reversion eye-bars are not adapted to with- 
stand. A very deep truss requires an expensive traveller, and 
to decrease the theoretically economic depth increases the 
weight but slightly ; hence it is really economical to reduce 
the depth of both truss and traveller. 

Again, the total cost of a structure does not yktj directly as 
the total weight of metal, for tire reason that an increase in 
the sectional area of a piece adds not Inn to the cost of its 
manufacture, and but little to the cost of erection ; so it is 
only for raw material and freight that the expense is really 
Increased. Hence ic is generally best to use truss depths con- 
siderably less than those which would require the minimum 
amount of metal. For parallel chords, the theoretically eco- 
nomic truss depths vary from one tilfth of the span for spans 
of 100 feet to about one sixth of the span for spans of 200 feet; 
but for modern r iilvv ly through-bridges the leiist alh)wable 
truss depth is about '2'6 feet, unless suspended lloor-beams be 
used, a detail which very properly has gone out of fashion. 

In two five-hundred-foot spans of a combined railway and 
highway bridge the author employed a truss depth of seventy- 
two feet; but this was determined by the reversal of stress in 
bottom chords through wind-pressure. A greater depth, if 
permissible, would have caused a saving in total weight of 
metal. 

In a design of the author's for a flve-liim lred-ntKl sixty- 
foot span a truss depth of ninety feet was adoptetl, but in 
this case the live load was veiy great, varying from ten 
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thousand pouuds per lineal foot for short spans to eight 
thousanci pouuds per lineal foot for loug spans; and the bridge 
is twenty per cent wider than in tbe case the two fi?e» 
hundred-foot spans just mentioned. 

The groater the live lotd and the wider the bridge, the 
greater oan the truss depth be made advantafeomlj. 

The little nrnthtmatical invest igatiou given in this ehapter 
can be applied with advantage to plate-girder bridges and to 
the floor systems of truss-bridges. If for ordinary cases, in 
designing plate girders, one will adopt such a depth as will 
make the total weight of the web with its splice-plates and 
stiffening angles about equal to the weight of the flanges, he 
will obtain an economically designed girder, and a deep and 
stiff one. For long spans, however, this arrangement would 
make the girdera so deep as to become clumsy and expensive 
to handle; consequently when a span exoeeds, say» forty feet, 
the amount of niuUiI in the flanges should be a little greater 
than that iu the web; and the more the span exceeds forty 
feet the greater should be the relative amount of metal iu the 
flanges. 

Concerning economic panel lengths, it is safe to make the 
following statement: * 'Within the limit set by good Judgment 
and one's inherent sense of fitness, the longer the panel the 
greater the economy of material in the superstructure." Of 

course, when one goes to such an extent as to use a thirty-foot 
panel in an ordinary single-track bridge he exceeds the 
limits referred to, because the lateral diagonals become too 
long, and their inclination to the chords becomes too flat for 
rigidity. Again» an extremely long panel would often cauae 
the truss diagonals to have an unsightly appearance, because 
of their small inclination to the horizontal. 

There is another mathematical investigation which is of 
practical value. It relates to the economic lengths of spans, 
and was first demonstrated, in print, by the author some six 
years ago in Indian Engineering, although Ihe j>rin( iple was 
announced three years before then iu the first edition of 
his General SpecificaUans for Highwy Bridgee of Iron and 
SM. Strange to say, many engineers failed to see that there 
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Is any dUZeience between this principle and an old practioe of 

forty years' standing. The principle te that *' for any cross 

iug the gi talcst econoiny will be uUaiued when the cost per 
lineal foot of the substructure is equal to the cost per lineal 
foot of the trusses and lateral systems." The old practice was 
to make for economy tlie cost of a pier eqtial to tlie cost of the 
span that it supports, or» more properly, equal to one half of 
the cost of the two spans that it helps to support. 

Is not the difference between these two methods perfectly 
plain ? In one the cost of the pfer is made equal to the cost of 
Ihc trusses and laterals, and in the other it is made equal to the 
cost of the trusses, laterals, and the tloor system. When one 
considers that the cost of the floor system is sometimes almost 
as great as one half of the total cost of the superstructure* he 
will recognize how faulty the old method was. 

The following is the demonstration of the principle, sim- 
plified to the greatest practicable extent. Let us assume a 
crossing of indefinite length, for which the depth of bed-rock 
is constant, and let 

S = cost per lineal foot of the substructure, 
T ~ cost per lineal foul of the trusses and laterals 
F = cost per lineal foot of the floor system, 
B = cost per lineal foot of the entire bridge, 
and L ss lengOi of span; 

then B^iS+T+F. 

Now if we assume that slight changes in length of span will 
not affect materially the sizes of the piers, the cost per foot of 
the substructure will yaiy inversely as the span length, 

or 

Again, the cost per foot of the trusses and laterals, for 
slight changes in length of span, may be assumed to vary 
nearly directly as the span leogth; hence we may write the 

equaliou 
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The cost per foot of the floor 83'stein is practically inde- 
pendent of the span length, beiDg a function of the pauel 
leDgtb, w'bich does not chaDge mateiialiy wilk tiie^ipfua. We 
now liave the equation 

= | + + 

In which B is to be made a minimum. 
Dillereuliating, we liavo (as # is a constant) 

+ Z = 

A further differentiation 8bow8 tliat the result conesponds 
to a minimum. 

In reality the truss weight per foot increases more rapidly 
than the span length. If r is the ratio of span lengths, the 
trass weights, for small changes in span lengths, will vary 
aJniost exactly according: to the ratio = i(r -f- r^). On the 
other band, the wei<rht |)er foot for the lateral system does 
not increase as rapidly as the span, unless the perpeudicular 
distance between centnil planes of trusses also inci*eases. 
Unfortunately, though, the gain in truss weight over that 
given by the assumed theory of variation is generally greatei 
than the corresponding lose for the weight of lateral system* 
consequently the combined weights per foot of trusses and 
laterals generally increase a trifle faster than the span length. 
This is partially otTset by the fact that the pound price of 
metal erected and painted will reduce a tiilie as the weight 
per foot increases. 

Again, there is sometimes a small error in the assumption 
that the cost of the piers varies inversely as the span length, 
because the sise of each pier may have to be increased a little 
to accommodate the heavier spans. If the perpendicular dis- 
tance between central planes of trusses is increased because of 
the greater span length, the cost of each pier will hv increased 
because of its greater length; but this will occur only occa- 
aionally. 



Digitized by 



Ignoring the latter oontingescj, the two errors Indleated, 

notwilbstaiidiDg the fact thai their effects arc additive, are so 
small as not toallect mateiially the correctness of the result^ 
of this iuvesligation ec^ncennug economic span lengths. 

This demoastration i)roves that, ia any layout of spans, with 
the conditions assumed, the greatest eoonomy will be attained 
when the cost of the substructure per lineal foot of bridge is 
equal to the cost per lineal foot of th^ trusses and lateral 
systems. Of course no sueli condition as a bridge of in- 
definite extent ever exists, nor Is the bed-rock often level over 
the whole crossing ; nevertheless the print i[)le can be applied 
to each pier and the spans that it helps to support by making 
the cost of each pier equal to one half of the total cost of the 
trusses and laterals of both spans. Since working out this 
demonstration some ten years ago, the author has made a 
practice of eheci^ing the correctness of the principle thereby 
established, by comparing the cost of substructure and super- 
structure in a number of bridges which he has designed and 
built, with llic result that he finds il lu be cxncL 

The principle will apply also to trestles and elevated roads, 
for in the latter, if we make the cost of the slriugers or 
longitudinal girders of one span equal to the cost of the bent 
at one end of same, including i|s pedestals, we sball obtain the 
most economic layout In an ordinary railroad trestle, eon- 
sfeting of alternate spans and towers, it will be necessary for 
greatest economy to have the cost of all the girders to two 
spans (one span being over tlie lower) plus the cost of the 
longitudinal bracing of one tower, equal to the CQStof the two 
bents of sidd tower, iucludiui:: tin ir pedestals. 

On page 235 of the first edition of Prof. J. B. Johnson's 
** Theory and Practice of Modern Framed Structures," Mr- 
Bryan uses this method of the author's in a slightly different 
form for determining the most economic mimher of spans to 
adopt at any crossing, establishing the equation. 



Digitized by Google 



TRUB BCOHOMT IK DESIOK. 



37 



in which y (the total cost of bridge) is a miuimum when 



wh^e A = cost of two end abutments in dollars ; 

£ = cost of tlie floor and that purl of the metal weight 

iwhich remains coustant, in dollars; 
C =: coet of one pier in dollars, aflsumed as constant ; 
i length of bridge in feet,; 
w = number of spans ; 
p — price of metal per pound, in doUan; 

y — total cost of bridge in dollars ; 
and a = weight per foot of a span b feet in length. 

Thus far all right ; but then he makes an assumption which 
will not be correct except for one live load, for one set of 
specifications* and for Bingle*track roilwajr bridges, vie., that 
for pin-oonneeted spans 



On account of this assumption his subsequent table of 
economic span lengths is not iu any sense general, but is true 
only for single-track bridges designed for one standard live 
load and according to one standard set of specifications ; while 
his equations hold good for bridges of any kind and loading, 
including highway as well as railway structures. 

As II check ou ihe correctness of Mr. Bryan's assumption 
b 1 

that = - for single-thick bridges, the author has )oi>fced up 
some of his designs and has found the following : 
For a 376-f t. through-span. Class X, ^ = ^ ; for a a62-ft. 

double-track through-span, Class ^ = ^ ; and for a similar 



490-ft. span, - = — For a 280-ft. double-track deck-span, 





a 
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Class Y, — = ;r4-» "n^ a similar 200-ft. deck-st^an — =ir^- 

For a single-track 200*ft. throiigh-spao, desigoed by a con- 

b 1 

tractiDg bridge compaoy and checked by the author, - — — 

The detailing thereof, however, was iiltra econoDiical. It is 
but fair lo state that the 375-ft. spau is about two feet wider 
than the ordioary single-track bridges of such span lengths, . 
which causes the deaominator of the fraction to iucrease 
somewhat. It is evident, though, that the assumption of 

any fixed value for ^ is unwarranted, because the weights per 

foot of trusses and latenils for spans of Classes Z and L of the 
Compromise Standard Sysfem will vary by from, say, 33 to 40 
per cent, according to the span ieugth; consequently the values 

ol - "Would vuiy likewise, 
a 

In cases of structures for crossings where there is danger 
from washout, it may be truly economical to use metal un- 

spanngly in the design, in order to ensure the metal-work 
going together readily and with the least possible delay ; and 
in extreme cases it wmild be eminently economical to adopt a 
cantilever design, and thus reduce the risk of washout lo a 
minimum by the expenditure of a considerable amount of 
extra metal for the superstructure. 

There is another economic feature of design, which, un- 
fortunately, .has been overlooked continually, vis., that the 
most economic structure is the one for which the first cost, pins 
the capitalized cost of annual deterioration and repairs, is a 
minimum. A proper cuIl^5ideratioQ of this Lrunoinic feature 
would cause llie use of better details, larger sections of main 
members, more efllcient and rigid sway-bracings and a greater 
minimum thickness of metal* 
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CHAPTER IV, 

^THETXCS IN DESIGN. 

That llic metal bridges buiU in the United States during the 
last two or three decades are, with rare except ious, anything 
but models of excellence in respect to the principles of lesthet- 
ic8, no engineer is likely to deny. For this the principal rea- 
sons are as follows : 

First. Very few technical schools in this country instruct 
their engineering students at all in architecture ; and not one - 
of them gives to that important branch of constructiTe engi- 
neering the attention it merits. 

Second. As most American enterprises are consummated 
with a small amount of money comi)ared with what might be 
spent advantageously in their materialization and completion, 
there are seldom any funds to employ in decorating the work. 

Third. American engineers, as a rale, appear to regard 
with more or less contempt all efforts to ingraft architectural 
ideas upon engineering constraction. While the engineering 
profession is only too ready to criticise architectural construc- 
tion because of its numerous violations of the principles of en- 
gineering practice, it docs not appear to see that the converse 
of the proposition holds good, viz., that the architectural pro- 
fession bas good reason to criticise severely engineering con- 
struction in general because of its numerous and glaring vio- 
lations of the principles of architecture. Moreover, in no , 
branch of engineering are such violations so common and so 
prftnouuced as in that of bridge-buildiBg. 

Fourth. But the chief factor, the one which has had more 
bad influence thiui the others combined, is tiic custom of 
letting bridges upon competitive designs and awarding the 
contract to the lowest Uiddev. 

88 



Digitized by Google 



4U 



D£ POKTIfiUS. 



For many years promiDeDt architects have very justly In- 
▼eighed against the Inherent ugliness of American bridges. In 
order, therefore, to see what such violations of Aesthetics in 

bridge designing really are, and to what extent Ihey can be 
avoided, the author has asked his friend. Henry Van liriint, 
Es(i., of the architectural firm of Van Brunt & Howe, wlio is 
' ackuowleciged by the leadiDg members of bis profession to be 
one of the foremost livlug masters of the science of architec- 
ture, to write for publication in this treatise a letter formulate 
ing the charges of himself and his professional brethren against 
the bridge^buiiders of this country in respect to their alleged 
offences against the SBSthetics of constructioD. In response to 
this request Mr. Van Brunt has written the following letter : 

My dkar >Ir. Waddei.l : 

Aft^r looking over a portioQ of your instructive treatise on bridges, 
I find it quite impossible to coTn[>ly with your request to furnish you 
with practical suggestions from an architectural point of view as to 
grace and beauty of design in such struotnres. As those qualities must 
be devdopsd from the ttnieture itself, as they must b0 evolved from its 
inherent economical and practical conditions, and as they cannot be sue- 
cessfuMy applied to It as an afterthought, it would he unbecoming for 
any layman to attempt to sbovr by irhat process this evolution Ir to be 
accomplished. The problem is not an easy one ; it is not to be solved by 
theory, or by any accident of invention or ingenuity. At iiresent, at 
least, it can only bo treated on general lin^ s. Indeed fhf»rf» Is uo one liv- 
ing, 1 fear, who can su}?^est a specific and easily applied remedy for that 
disease of engineering which is expressed in the curious fact that the 
most perfect results of science, at least in the art of steel-bridge buikling 
as now tmderstood and ineuloated, do not rsoognlie an j theor7 of beau i > 
in line or mass. 

It Is the business of the architect to express structure and purpose 
with beauty. It Is the business of the engineer, as I understand It, to 
make structures strong, durable, rigid, and economical ; to apply pure 
science, excluding, as a matter of principle, any device of art which, 
for the sake of mere ornamentation, may add to his fabric a pound of 
unnecessary weight or a dollar of unnecessary cost. 

It cannot be denied th.it to whatever extent tlie exercise of this prin« 
ciple may have affected the practice of engineers, they have succeeded, 
especially as regards bridge>building, in developing a structure which 
is in every easential respect orderly, consistent, and progressive from a 
practical point of view. From year to year this development towarda 
mechanical perfection has been plainly visible. The structure of ten 
years ago has been reasonably and properly superseded by another Mid 
better airucture, indicating a process of growth without a shadow of 
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oApviee t III tbls p^rctms dlieorery and invention luLva had tMr proper 
influenee* unfnterrUpted by any consehrative prejudice or Iqr any theory 
of desigo wlitch does not re«t directly on pracUcil eoiltideratlons. But^ 
as t have already observed, this admirable and prolific progress has not 

can iVd with it n forrf^^pondlng progrrt»*ss in grace and beauty of design. 
Ill fact, these qualities seem to appear in an inverse proportion to tlie 
develojiment of the structural scheme towards tlie practical idea of 
stretiKth, stability, and economy. Consequently the stronger, the more 
rigid, the more economical the structure, the more utioompromisingaiid 
the more hopdees It mnui W be ih tespdet to beauty. The modem 
B t eel ^ g l rd et' or cantf lever bridge, while, aeeordlnf to our present knowl* 
edge, ft per fecUy adapM to ite ueet and ftinetlons, ie la nearly evety 
case an offence to the landscape in Whidi ftoecom. Its lines, eiiKie tbc^ 
have ceased to be structural curves, have become hard and ascetic 
mathematical expressiorm, and have not been brought int'> rvy sym- 
pathy whatever with the natural lines of the srtream whi<-h it ci os<e^, 
of th*^ oppositf^ banks which it connects, of the meadc)\vs, forests, and 
ni<nint4iin8 among which it is {)laced. All sylvan effects of harmony are 
shocked by its discordant intrusion. The vast aqueducts of the Romans, 
the arched biidges of stone, the catenary eurves of the modern suepen- 
flion bridges with their high towers, and mane forms of bridges oon- 
stnicted wlUi bowstring irlrdeni, are mom or less aUtllated With the 
natural conditloBS, so that they give no shock, save frequently of pleas- 
ure at their expression of g^ace and fitness. But we are assured that 
these ^trncttiral forTYis arf* obsolete or arf* becoming obyob^te, and that 
lh° r;ii^::tit l)i ii 1 nisn spanning froiti pier to pier, th<* cantiiever over- 
hanging the perilous afjyss, thf' pivoted draw-span, all constructed with 
cold geometrical precision, with hard unfeeling lines of tension and 
compression, liave taken their place, to the great advantage of the rail- 
nmds and the greater security of the publie. It is hi vaiii that the con- 
scientious engineer oc e ss ionally attempts to oompromlse with graoe by 
ornamenting his infcerieetions by rosettes or buitons of cast iron, or by 
rearing a sort of areh or portal of triumph at the entrance to his bridge 
with a lavish display of metal shell'^work, scrolls of forged Iron, and 
tables cast and gilded with names and dates. But the compromise 
come*; too late; the main f^5;sential lines cannot be condoned by afT^r- 
thon.:;}its of this sort; and as far as the eye can see, these lines, though 
they may satisfy the reason, generally affront the sense of beauty. 

Now It seems to me important to note that the methods of nature 
always culminate in infinite expressions of beauty, and that beauty is an 
essential part of the principle of natural growth. The Great Creator 
nover makes anything, animate or Inanimate, ugly in making It strong * 
or swift or durable, or In fitting it to the economy of nature. Grace is 
a part of the system of creation. Is it reserved for man !n his secondary 
creation to make tbiTiirs unlovely in proportion to their complete and 
perf^'t adaptation to the satisfaction of his practical nfeds ? fhia 
diifereoce signiflcant of some quality which is wanting in our science f 
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But, it may be said, if a steel-trussed bridge, economically and wisely 
constructed according to our present light, offends our ideals of grace 
aud beauty, the fault perliaps is not in the structure, but in the rit^idity 
and immobility of t he ideals which have been established by conditions 
long since outgrown lu liie progress of science. The attempts of the 
English bridge-builders in iron in the early part of the century to meel 
these old ideas resulted in constructions whloh, though they m»y satisfy 
the eye of the artist, and combine more or leas ijracefully with the land* 
■oape» are uneconomical and unscientific The prhiciples of structure 
involved are incorrect, and unnecessary expense was incurred in forcing 
into the design features conventionally acceptable, but which liad noth- 
ing to do with the structure, and which in fact were a hindraiiGe to it* 
concealing rather than illustrating it. 

The architect will not find it diflftcult to agree with his brother the en- 
gineer, that a mask of ornameutal cast iron, covering liie essential feat- 
ures of the structure in order to force upon it an effect of grace, is 
illogical in the extreme. Indeed, a great modern master of architecture 
has laid down the axiom: "A form which admits of no explanation, or 
which is mere caprice, cannot be beautiful ; and in architecture, cer- 
tainly, every form which is not inspired by the Structure ought there* 
fore to be rejected.'' The conscientious modern architect aims to shape 
his design according to this reasonable lijnitation, and lie has been 
thereby enabled to produce occasional effects of beauty without impos- 
ing on his composition a sitj^'le iilea which is not suggested either by the 
structure or by tiie use ol the building. Even a factory, a gasometer, a 
railway shed, an elevator, need not challenge the architect in vain to 
produce effects of fitness not entirely Inconsistent with the requirements 
of artw Indeed, the engineer himself, with axioms or maxims of art, 
has, in the evolution of the roof •truss, the locomotive, and many indus* 
trial machines, succeeded in satisfying ideals of beauty in the very proc- 
ess of making them powerful, compact, and economical of material and 
space. The modern steel-armored war-ship has already, in this early 
stage of Un rapid development, substituted for the iileas of maritime 
beaut) . s|H^fii, and str«'ngth \v)iic)i prevailed in the time of Nelson and 
tile other great hisLoiical uUuiirals, and which were celebrated in the 
songs of Dibdiu aud Campbell, an entirely different ideal, hardly less 
imposing, though as yet without poetic recognition. But the evolution 
of the steel-trussed bridge has aa^ yet satisfied neither old ideals of 
beauty, nor has it made new ideals. Its essential lines are drawn in 
apparent disregard or contempt for grace of outline or elegance of de* 
tail. The difficulty seems to be inherent in the present approved struc- 
tural system of designing horizontal, straight, open-trussed girders or 
cantilevers, n-sting on rigid vertical piers of masonry or iron, without 
regard to any other considerations exce))tiug tiiose of statics. The eye 
requires to be satislied as well as tlie trained intelligence, and demands 
not only grace of proportion, but a certain decorative emphasis expres- 
sive of especial functions. The primitive post and lintel structure oC 
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atone was as liapetesB, apparently, aa its modern derivative, the steel* 
tniaaed bHdge, until the Qreeks, with unerriDg instinet of art, conTorted 

it bj perfectly rational processes into that ideal expression of beauty 
which is known as the Doric order, Tliis Doric order is a structure 
which ^depends less u^>ou subsidiary decoration than upon proportion 
for its unparalleled success as a work of art. The Partlienon would still 
be lovely witliout the sculptures of its friezes, metopes, and pediments. 
Its columns, reduced to dimensions whicli eueuiuber ihem with no use- 
less brute mass of material, were ao treated with entasiii, capital, aad 
llntlQg aa to expreea ezaetly members in vertical compression ; Ita 
litttela wereao subdivided aa to draw attention to, and to illustrate, all 
their fnnetions In the stniotural scheme. Thi^ contained no features of 
caprice or fancy. Now the essential qualities of the steel^giider bridge 
differ from those of the post and hntel of the Qreeks because, in the 
former, the structure of the lintels permits of a wider spacing of the 
posts, and the posts have assujii»^<l the dual function of piers for vertical 
support and of buttresses to wiLlisian l the liorizontal pressures of the 
sirearii in which they arc built ; tlie lintels, iii Uieir turn, have lost their 
quality as compact, solid, homogeneous masses, have been resolved into 
distinct elements, and have become a complicated aad highly artificial 
openwork contrivauce of light steel members, which iu their dimenskms 
and articulationa have been ao combined in tension and compression aa 
to produce a atructure capable of sustaining without change of form 
not only its own weight between bearing points far apart, but that of ' 
moving train*?, jukI «vf bf-arini; without detriment vibrnfions and wind- 
pressurHs, and tlie expausiou and contraction of its material by changes 
of temperaturf. 

These compound lintels or trusses are in themselves triumphs of mind 
over matter. At this moment they express a stage of evoluXion which 
haa been in process for a century, and which doubtless will continue to 
develop in dfrectloas impossible to anticipate. They are structures not 
dedicated to the immortal gods, like the post and lintel in the Greek temr 
pies, the decorative character of which was largely inspired by religious 
emotions, but devised to meet secular and pract ical conditions of an ex- 
ceedtnorly unpoetic and unimaginativf» character. The mind of the 
arciiitect ajipreriates tlie fine economy of these sensitive and com- 
plicated « ii iTMiii^iiis, but it also recognizes that they are still in active 
process of development ; that they are on trial, and will not reach final 
results until they shall have (usumed those conditions of gram and 
beauty which are eaBentkU to compietUm, It Is evident enough that all 
the featurea of perfection in aniinala have been veiy gradually evolved, 
by aurvival of the fittest and by adaptation to use, from the awkward 
aad monstrous shapes of the antediluvian period ; that geological ero- 
sion and drift have clothed the naked rocks with beauty ; and that the 
whole vegetable creation has been improved by art. Nature herself is 
not contented with inelastic dof?mas. In like manner, the locomotive, 
the ateam-eugine, th^iUihlera war-ship, have aii become objects ui awful 
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beauty, not hpcatide of the Imposttion of unnecf»?jf?ary features, but 
r)ecHti^e of the natural and reaaonabto growth of their etaential 

BtruL'tiin*. 

If, tln rrfonv tlit^ iik'ly character of the present steel-trussed bridge is 
in itself a proof of the inimatunty of the scieuce which han produced it, 
the remedy, of course, must reside in the perfecting of the science, and 
this prooetB of perfeotiog will be qutekoned, if beauty Is iwogniaed in 
engineering ae it is in arehlteeture, as an aim sod aot as an aficldent of 
growth. The arebitect guides sod bsstens this prograss towards tlie 
perfect type by fundamentally composing his structure with a view to 
an fltgreeable proportion of itspart^ ; In detail he studies to emphasize 
ih** sp^^cial and important points of his stniohire hv a decoratlT© trfat- 
mi*nf Tvhidi shall indicate couvHnti<inally the character of the work ac- 
coiuplis}ie<l at these points. It is true, perhaps, that the stnictiiral 
forms of materials with which the engineers have to vvt>rk, es|)eciaily in 
bridge-building, arid hardly so elastic aud manageable an those at tlie 
eommand of the arehtteet even in his simplest and most severely jirao- 
tlosi problems; but it is none the less tnie that the training of tiie 
engineer leads him too often to an absolute disregard, If not eoiitempt» 
fbr th'Me rellnements of proportlott and outline^ and for all those ditfieate 
adaptations and adjustments of detail, which, though perhaps separately 
slight, and apparently of small importance, in combination tend to give 
distinction and acharacter of fitness nnd ^race to works otherwise, from 
the point of view of art, rudely immature, basely mechanical, un- 
necessarily and insolently u^rly. 

Mr. Henry James says that the French talk of those who see en beau 
and those who see en laid. The performance of the modern steel-bridge 
designers would certainly seem to place them In the latter category. It 
is no less certain that this resnlt comes not from temperament, wbieh is 
natural, but from training, which Is artificial. The serere and afasoluta 
conditions in which the bridge-builders work do not prevent tliem 
either from qreat differences in tnanner and method of desi^rn, or from 
frequent and unnecessary extravaj^ances of expenditure ; l>ui ihese t*x^ 
traraganc^'s arc rarely. If evr, lavished in the services of beauty ; iir 
catisf the cold and rarefied attnosph»»re of science and mechanical 
utility, ill winch they are accustomed to labor, has gradually frozen out 
the fln »r natural instinct which worlra for art and elegance in design. 
Beauty of proportion has often been proved by mathematics ; but 
mathematics, when it has been allowed to be the only element In the 
development of a problem of constractlon, has never accomplished 
beautiful results. Such results do not come by aoddent In any work of 
design, hut by the liberal and generous observance of natural laws. 
Tlie ediif.'itfon, therefore, whicli from the bep;^inninj^ do^s not give some 
recognition toj^ract*, proportion eli^crafte**, as essential parts Of couKtruc- 
tion, must be misleading and one-sided, and cannot lead to perffetlon. 
The recognition of these qualities*, 1 am entirely persuade d, ti<>t*s not 
necessarily imply any sacrifice of practical accuracy in design or of 
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Hoe ecooomj which is essential to perfection. 

Very sineerelj yours, 

HsttRT Vm Brumt. 

Tkis letter of Mr. Van Bruut's, in the author s opmion* 
gives a yery jusi aud uuprejudiood statemeot of llie status of 
affairs in rslation to the de?elopmeol of bridge-buUdiog f rum 
the ttalhetic point of view ; and, in oalliog the attantioii of 
bridge^deatgners to their lamentable iodiffermioe towards 
beauty iti cuusi ruction, it ought to be the nieuna of iuaugura- 
ting a much-needed reform iu bridge-designiug. 

In thus candidly ucknuwledgiuff the correctness of these 
allegations of the architectural profession against the work of 
American bridge-di'siguen the author wislies it to be under* 
stood that he oousiders a large portion of his own past work aa 
properly subji'ct to censure ; but that for several years* more 
especially since be severed all connection with the contract* 
iug branch of bridge-building, be hag been endeayoring to 
reform in this |>articu1ar, aud with ii certain amount of suc- 
cess, rs^iersed perhaps with more or less of failure. 

The principal hindrance to the progress of ui'stiietic reform 
In bridge-building is liable to emanate from the bridge-man- 
ufacturing companies, who have been ao aocustomed to sub* 
mitting oompetitiye derigna, and who haye made in the past 
ao much money thereby, that they will naturally eonaider 
any fundamental innovation of this kind as detrimental to 
their interests. Nevertheless, when some concerted acliuu on 
the part of britige specialists is inaugunited with the object 
of uioidug bridge structures more stgbti}'. it is probable that 
the manufacturing companies will he far-sighted enough to 
lecoguiae that their true interests will not be subserved by 
offering any serious opposition to the proposed i*eform. Some 
obeiruction is likely to come from managers of railroads, 
who have for years been used to buying their bridges as 
cheaply as possible without any regard to appearance^ and 
too often with very little in respect to constructive excellence. 
It will devolve upon the chief engineers aud the bridge en- 
gineeiB of railroads to influence the managements of UUeir 
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lioes ao M to Iodine them towards a more favorable oonsld- 

eratioQ for appcaiaucc wbeu ducidiug upon the desigulug aud 
purchasing of their bridges. 

But the moulders of public opinion ia respect to the neces- 
sity for a due cousidenitfon of architectural effect ia bridge- 
buildiog must of necessity be the iadependent bridge engi- 
oeers of the country, who are not so much influenced by 
monetary motlveB as are engineers connected with railways 
and bridge companies, although It must be confessed thtit 
boineof the most prominent bridge .si)cciulists aic the greatest 
offenders against the principles of ajsthetics. 

There is a general impression among engineers that to in- 
graft architectural effects upon bridge construction wiii 
always Involve the necessity for an increased expenditure of 
money ; but this notion Is incorrect, because there are many 
large and important bridges in the United States which could 
have been beautified, and at the same time cheapened, with* 
out in the slightest degree impairing their strength, rigidity, 
or efficiency, by simply modifying their harsh and uncom- 
promising lines. It requires the expea liture of more thought 
than money to obtain an artistically designed bridge ; for a 
little money will go a long way in producing a decoratire 
effect upon such a structure. 

Distinction must be made between appropriate and inap> 
proprtate, necessary and unnecessaiy, and expensive and 
Inexpensive decoration. For Instance, while it Is always 
proper to iidnpt the lines of a structure to the production of 
the most graceful etfect, provided that In so doing no sacri- 
fice of constructive excellence be thereby involved or extra 
expense incurred, it would often be injudicious to expend 
money on pure decoration. The builder probably cannot 
spare the money, and the location of the structure may be 
such that any extra expense for ornamentation would be abso* 
lutely wasted. If a bridge is to be located where It will be 
seen consumLly by many people, it is well to spend extra 
money to make it sightly, beautiful, and in keeping with its 
surroundings: but when it is to be placed in a dense fon-st 
or OQ a fiftody desert where it would seldom he seeo^ it would 



Digitized by Google 



JESTHETICS IN DESIGN. 



be folly to spend any more on its construction than is called 
for by the etigmeeriog requiramenU of the coDditions, due 
allowance being made, of course, for a poflsible peopling of 
tbe forest or desert in the not very distant future. 

The style of ornamentation for a bridge should always be 
in keeping with its genei-al character; thus, in case of a light 
highway bridge, ornamental portals with filigree metal«work 
are appropriate, while in large, massive railway bridges the 
oruanientati(m should be of a coaisei and bolder character,, 
commensurate with the size and use of the structure. 

Tbe author is a firm belieyer in the principle that true 
economy, engineering excellence of construction, and the best 
architectural effect will almost invariably be found to accom- 
pany each other, and be inseparable in the designing of any 
bridge. Moreover, any bridge built with due consideration 
for, first, efficiency, second, iippeaiaucc, and, third, econouiy, 
will be featisfiictory and gratifying to not only the trained 
expert, buL also to the general engineer and railroad man, 
and even to the public ; because when an observer notes that 
in such a structure all the engineering requirements are 
properly provided for, that there is no evident waste of mate* 
rial, and that all dne advantage has been taken of the condl' 
tions to render the bridge sightly and in harmony with its 
surroundings, his eye will of necessity be pleased, and hia 
inherent sense of fitness will cause liim to regard the structure 
with a feeling of pleasure. 

In suggesting that "if a steel trussed bridge, economically 
and wisely constructed according to our present light, offends 
our ideals of grace and beauty, the fault perhaps is not in the 
structure, but in the rigidity and immobility of the ideals 
which have been established by conditions long since out- 
grown in the progress of science," Mr. Van Brunt Las prob- 
ably indicated the lines of convergence of engineering practice 
and architectural ideals ; for while, as before stated, much 
can be doue with most bridge designs to improve them with- 
out increasing their cost or affectiug their efficiencyt on the 
other band it is often impossible for an engineer to modify a 
hridge design so as to meet fully the critical objections of a 
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good arebttect wKhom introdndog leatura botli luiky aod 

expensive. It is highly probable that if Liie engineer will 
modify his designs as much as is legitimate to meet tlie 
lesthetic requiremeuts of the arcliilcct, the latter will gradually 
modify the rigidity of his ideals, aud will aee iiuG» of grace^ 
beauty, and fitness in the polygonal outUiifls of tniaaed bridge^. 
Mr. Van Brunt blmsell has already abowii ihla to be tnie by 
giving hl8 unqualified approval U> tbe arobitectund affect o( 
the trass outlinee in the draw-span of the author*e bridge over 
the Missouri River at Omaha, although these outlines werede- 
teriniuf (1 primarily for uliliiy and secondarily for appearance, 
and uotwithstiuidirig the fact that there is no attempt, at even 
approximate curvature of chords in the entire span. 

To recognize and acknowledge the deficiencies oC modern 
bridge designs from the aitistic point of view is one things 
but to show how they are to be remedied is another ; because, 
while it is easy to say that a certain structure does not cpme 
up to one's ideal of grace and beauty, it is very difficult to 
show exactly where the detects are, aud what should oi cwu 
be done to remove them. 

Notwithstanding this, the author will now endeavor to 
establish a few fundamental rulea wliieU» if followed* ough| 
to correct the most glaring sources of nglineas in bridge 
designs ; then, by entering more Into detail, he will try to 
show how the structures may be decorated approprlalely and 
inexpensively. 

The architectural treatment of bridge-designing may be 
divided into these four parts : 
1st. The layont of spans, piers, and approaches, 
3d. The outlining of each span, 
3d. The decoration of each span. 

4th. The ornamentation of the entire structure by the adop- 
tion of elaborately artistic approachee. 
In respect to the layout of spans, pieie, and approaches for 

any bridge, there is one governing principle which should 
always be coinidied with, viz., that tht- entire structure, when- 
ever po^sibic, should be made perfectly symmetrical about u 
middle plane. 
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There is do feature of a bridge so pleaaiog to the eyes of all 
obeervere, cultivated and IgDorant aUke, as perfect symmetry 
in the layout of spans ; consequently it should be attained 
whenever practicable, even if some extra expense be involved 

thereby. 

Unfortunately the conditions are not always favorable to 
perfect symmetry of design, for the bed-rock will often dip 
rapidly, and thus necessitate the use of spans of different 
lengths^ and the channel of tbe river often refuses to keep at 
midstream, persisting in hugging one shore. In such cases it 
becomes necessary to do the best one can with the unfavor- 
able conditions, and to make the structure sightly, if not sym- 
metrical. If there be a draw-span on one side of the river, it 
is best generally to make all of the fixed spans alike. Should 
each span — because of the gradual slielviug off of the bed- 
rock, and for the sake of economy — be made longer as the bed- 
rock deepens, the result will be unsightly, even if the incre- 
ment ol span lengtli be regular, for the reason that to an 
observer there is no apparent motive for thus diveiMfying the 
spans. 

• Any divergence from symmetry and regularity for which 
there is ;i self-evident reason produces no unfavorable impres- 
sion upou the beholder, although it maybe sufficient cause for 
failure to excite his admiration for the structure. If one can 
see at a glance the raison d^etre of all the principal parts 
and peculiar features of a bridge, bis sense of fitness will be 
satisfied, and his general impression will be favorable ; but 
the nearer the approach to perfect symmetry and the more 
artistic the outlines, tbe more thorough will be his apprecia- 
tion of the general effect of the structure. 

In making a study of the .Tsthetics of a bridge design, after 
determining what spans are api)licnble, it is well to make one 
or more layouts on a large scale on the brown paper used in 
engineers' ofiAces for pencil -drawings, indicating the circum- 
scribing lines of all main members to scale, and tinting or 
filling between said lines with pencil-shading ; then tack the 
paper on a wall, and stand off at various distances to judge 
the effect. By doing th^s one can form a very correct opinion 



Digitized by Gopgle 



50 



I>E PONTIBL'8. 



concerDing the companitive merits of several layouts, and can 
MMrtftki where and how any particttlAr iayout can be im> 
pmwd. A CQimkatlon wiUi eeveml mmbm of one's offiot 
foBoe 1190ft the aKdiiteoiiicil feeftum of the varfoue doigiis 
will often fesult is an improved effect ; for nothing ebe will 
Mng out both the favorable and anteoiable chamcteKiilica 
of a plan like discussion. 

In the oiitlinintr of each span a great dejil can l)e accom- 
plished towards b€au::fyinga sinicture, aud there is no better 
way to stud J the geuei-u! effect of any proposed outline than 
the one just indicat«d» iayiag out various trusses to 
flcale, tacking the pi^er to a wall, and criiiciaing them. It 
will aurprise any one who tries this method to aee how quiokljr 
he can detect the slightest variation from oonectaMS in oufc- 
Vm, and what a difference in effect even a small change In a 
truss depth will produce. It was in this way that the trusses 
of the Oinah;L iniw-spau were proportionetl , acd it is doubt- 
ful if any improveuit i;t ( iiM ])c effected in their outlines 
when all factors iiivolveii iu lue quesiiou are duly considered. 
In this problem there were but three poiuts to determine, viz*, 
Uie depths 0t truss at the two hips aud the depth at the tower» 
lor the number of panels was settled by economic considenip 
tiona, and the straightness and section of the top chords were 
necessitaled by certain questions of efficiency. The depth at 
the outer hips was fii*st delermiued by the requirements for 
clearance, rigidity, aud uppeaiuuce, then the depths at the 
intermediate hips aud tower weie settled by trial aud discusr 
siun from the artistic poiut of view, due attention being paid 
to the engineering questions involved by the various inoUna^ 
lions of top chords and inclined inner posts. 

In determining the outlines of a span these few elementary 
principles are to be borne in mind: 

Ist. There is nothing so ugly io a bridge as parallel chords 
unless it be a skew. However, forspans between one hundred 
;iiid twenty-five feet and two hundred feet it is often Ix^st to 
use them, alihoufrh in certain cases where liie loads are great 
it is practicable to adopt poh^gonal top chords for simns COU* 
siderably shorter than the superior limit just meoiioued. 
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3d. While it is generally ccouomical of material to use very 
long pauel% no sack exlreme leogth alMuld be adopted ai 
would iji^olve an i».wkWMd appearance duo fco 0atnois of 
diagonals. 

8d. Tbo ourvatiiiiof ibetopehOKd thould beniadeas great 

as is consistent with a proper oonsideiatiou of web stiffness 
and counterbracing. 

4th. When it is practicable in Petit ti usses to curve the top 
chord to such an extent as to make too small the iucliuatioa 
of the eod-posts to 4he horizontal, it is pennissible to let the 
ktier ezlend over one panel only and lo laake all the main 
diagonals eitend o?or two panels. The elteot la ungiaeefttl, 
however, what the main diagonals ooeupy (me panel each 
near the ends of the span, and two panels each elsewhere. 

5th. Wiicn appearance aloue is in question trusses very 
deep at mid-span are desirable ; but an excessive truss depth is 
conducive to a reversion of bottom-chord stress — a coudition 
which has either to be avoided or provided for by stiffening 
Ibe boUom chords. In extremely heavy bridges, especially 
wheio ibe dead Igad is unvsually great, it is possible lhat 
an- undue conaidemtloii for economy of melal might cause m 
designer to adopt a truss d^tfa which would he actually teo 
great for api)earauce, but this is not likely to occur very often 
because of other liniiting conditions. 

6th. There are certain limiting relations between width of 
bddge, depth of truss^ and length of span which for the saJko 
of good effect ought not to be exceeded. Usually the rules 
establiehed. en acioottidhof puvsly engineenng questions will 
prevent tiiese linlls from being tnausgressed, thus pioWng a 
maxim whicii the author has often BMuntained, visK., that in 
any design any violation of engineering principles is also a 
Tiolatiou of good taste from an artistic pomt of view. 

7th. A very s^Taceful elTect can be obtained by placing the 
lower horizontal struts of the overhead braciug in a cylindrical 
aurlaoe eiiBilar to that which contains the panel points of the 
tiHO ehoids^ but, .of oounBS^ witih different ounnature. 

In respeet toiUie decoration of each span of a bridfe^ it may 
ho stated that a little ornaiuentation is genmlly much better 
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than a great deal, and that this little should be approiuiate 
and ill keeping with the geueral character of the structure. 
jL prodigal use of cheap cast-iroa tiimmings at a portal of a 
steel bridge Is not in good taste ; but it Is peif ectly proper to 
decorate the interseclions of the members of the portal bracing 
by plates or rosettes, to surmount the upper horizontal portal 
strut by nu t£Stlietically designed parapet, to use oruameutal 
corner brackets beneath the lower portal strut, to employ 
fancy name-plates synimetrically nrrani^ed, and to place orna- 
mental figures of proper size and design at the hips, pedestals, 
or middle of inclined end-posts. It is also permissible to 
ornament the Intermediate transverse yertical bracing to a 
slight d^ree by rosettes and knee-bracee, but such decoration 
should be applied sparingly. Again* in large bridges it is 
proper to be somewhat extravagant in the use of metal nt the 
portal for the sake of appearance, especially as such metal, if 
it does not add to the strength of the bridge, certainly increases 
its rigidity. 

The ornamentation of viaducts and elevated railways is 
something which has never i-eceived in America any attention 
worth mentioning, as Is proved by the inherent ugliness of 
nearly all the elevated roads of our great cities, and the pain- 
ful plainness of our railway trestles throughout the country. 
It is principally this neglect of aesthetics in design which has 
created such bitter opposition on the part of the property 
owners to the building of elevated roads in the heart of the 
city of Chicago. 

£lectric lights and gas-fixtures of artistic pattern can be 
made great aids in securing a pleasing effect in designs for 
bridges and viaducts ; and at night a well-studied distribution 
of Incandescent lights can be made to produce a brilliant 
appearance at the portals of any .large and important diy 
bridge. 

Ornamental hand rails are also of great service in decorating 
trestles and bridges, especially in deck structures, where these - 
rails can be built in the form of a highly ornamental parapet 

Architectural effect in bridge-building seldom derives much 
aid from paint, for the reason that it is generally best, on ne* 
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tmmt of both oonvenieQce and good taste, to uae boi one color 
In painting a bridge. A proper choioe of color, howerer, Is a 
material advantage ; and it ia correct to vary the color in cer- 
tain acoesaory portions of the structure, such as machinery* 

houses, llie letleriug on name plaicy, etc. Some engineers 
have advocated painting the tension and cuinpression members 
of diHerent colors, but this would get one iuto difficulties in 
spans where certain stiictly teusion membeis are made stiff. 
Ornamental figures should be painted of the same color as the 
rest of the bridge. In general, it may be stated that for ordl- 
nary conditions of landscape the heavier the atmcture the 
lighter should be the color of the paint used, for the reason 
Lhal if a bridge has an appearance inclining toward clumsi- 
ness tliis objectionable effect can be lesseneil by reducing the 
prominence of its members; while, on the other imnd, a bridge 
which is of such an extremely light and aliy design as to pro- 
duce an appearance of weakness can be made to look stronger 
by adopting a paint of dark oolor» and thus bringing its mem- 
bera into greater relief in respect to aunoundfaig objects. With 
very dark baclcgrounds, however, it will often be advisable to 
use a light-colored paint even for slight structuieis, so as to 
• give the bridi^e a definite outline. 

In regard to the ornamentation of bridges by the adoption 
of elaborately artistic approaches, but little has yet been done 
in America, the reason being that any money so expended 
has evidently no utilitaiian purpose, and consequently to the 
eye of the solely practical man appears to be entirely wasted. 
In Europe it is customary to ornament large and important 
bridges in this way ; and the time is coming when it will be 
the practice in AmeHca also. 

A proper iMopiirtioniug of piers and abutments has a great 
deal to do with the obtaining ul au artistically designed bridge; 
but» unfortunately, in these, even more than in the super- 
atmcture, the almighty dollar is generally the ruling influence 
In the design. In many bridges the piers do not seem to be 
massive enough for the spans ; and, as will be shown In Chap> 
ter XXII, too often they are not sufficiently large to meet cer- 
tain important engineering rei^uiremeuts, which are, as a rule^ 
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Jgnored by tbe tvmge dasigaer, and oecaiioiiattjeyeiiliy mm 
who ooiisld«r thMtMelTCB bridgB experts. In tbe aathoi^s 
opIaiODf if piM and abutmeiitB he adequatdj designed f anb 
an engineeriug point of view, they will nofe fall far diorft of 

the ideal of artistic excellence. 

In concluding this chapter the author would advise each of 
his readei-s to study carefully Cluipier XXVI on *• The JSt- 
thetic Design of Bridges," by David A, Molitor, Esq,, C.E., in 
Prof. Johnson's work on the '* Theory and Practice of Modem 
Framed dimctures.*' Although most of Mr. Molilor's iHna- 
Uations aie neoessariiy drawn f roas Bnropean pvaetioe^ thefe 
are many features thereof whieh it would be well for Ameri 
can bridge-designers to adopt ; notwithstanding the facts that 
European and American practice in bridge-building are fun- 
damentally and essentially different, and that American engi- 
neers have little or nothing to learn from their brethren across 
the seas concern the scteaee of bxidge design^ From an nrth^ 
tie point of view, however, it moat be oonfessed^ thai the 
aiverage American bridge is inferior to the average ikimpeui 
struetttits ; so, wkHe it is adrisaMe that American brldge*de« 
signers study eai«fiflly European practice !n respect to ms- 
thetics, they should be cautious to avoid thoughtless imitation; 
because decorative fe^ture^s which are uppj opriate to the heavy, 
?imssive, and costly bi idges of Europe vi'onld be out of place 
when engrafted on the light, airy, and ecoQ<muc structarSB 
that are charaetsiiatic of Attsrioap engineering praetioa. 
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CHAPTER V. 

GANTILEVEB BfODOSS. 

Thbbb 8em» to be a notion prevaleDt among the uainHiated 
(engineers too often inciiided) tiiftt there is soide inhefeat Tivtun 
fD eatmiev^r bii^es which retideiB ihem euperfor to ordlowy 
ilrtietnrefer; Id what partlenhRe, however, tie eafid nninUialecl 

are not often able to state, although they generally claim that 
it is in economy. 

This notion is entii*ely erroneous ; for cantilever britiges are 
always inferior in ngidity to bridges of simple truss spans, 
and, exceptiog for certain peculiar conditions, are also always 
more expenstve. These ozcepttonal oondHkms are but two, 
tiz., deep goi^ U> be crossed by single spsns^ and the ia* 
fntelfeiibiiny of using fklse work beeanse of danger from 

WSSfK>tlt. 

If there be assumed a river crossing of very great length, n 
which the bed-rock is a|»{)roxiiniitely horizontal and where the 
conditions alfecting erection are not unusually dangerous, 
there is no possible layout for a cantilever bridge which will be 
as inexpensire as a sfructmre consisting of simple truss spans 
of equal lengfli, provided that the said length be the most 
economic one possible. TIM this fBC% is not geamlly known 
is proved by the oceasfoDal building of a cantflever bridge in 
a place where the conditions do not call for one. For instance, 
there was no trood leiL^on whatsoever for making the great 
Poughkecpsie Bridge a cantilever structure, because by using 
the same number of piers and making aU the spans alike the cost 
of the ^bstructure would not have been at all increased, but 
probably diminished, while the weight of metal in the super* 
sfruefure and toweMr would hftve been lesseiled materially. It 
Is Im Iftere may have been a little saving hi cost of false work, 
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but !Ls the materials could have been used several times, it 
could not have been large; while to partially olfset it there is 
the extra cost of the adjusting apparatus and the greater cost 
of erection due to delays ia making the central connections. 
MoreoTer* alternate simple spans could have been erected with- 
out falsework by the expedient adopted by the author for 
several Japanese bridges, which expedient will be described 
subsequently !n this chapter. 

There is a small cantilever bridge in Philadelphia close to 
the Peun sylvan ill Railroad where it approaches thu depot, 
which as a cantilever has absolutely no raison d t ti'e. It makes 
the observer think that, before it was built, some of the city 
fathers felt that Philadelphia would be behind the times if 
she did not haye a cantnever bridge of some kind or other, 
and that they erected this one in consequence. 

Other illustrations of unnecessary cantilevers could be 
quoted, but it would be a useless task to carry the illustration 

farther. 

Tf a deep, narrow gorge with dcIv}- sides has to be bridged, 
the cantilever construction will oflcn prove economical for 
two reasons: first, the main piers, being small, are compara- 
tively inexpensive; and, second, the cost of falsework will 
be almost entirely eliminated, only a small amount thereof 
being used for erecting the anchor arms. 

Again, if a stream is to be bridged where it is impossible to 
put in falsework, or where there would be danger of its being 
washed out in case it could bo put in, the cantilever will 
prove an economic design, although in certain cases the canti- 
lever arcli design described in Chapter VI. may bo atill more 
economical and possibly more rigid. This last feature, how- 
ever, will depend somewhat upon the character of the arch 
adopted. 

Hiat a cantilever bridge is less rigid and deflects more ver- 
tically than a simple span bridge, no one who has examined 

both types of structure under load and who has measured the 
vertical deflections can well deny; nevertheless this compara- 
tive lack of rigidity is no great detriment or weakness, and 
should not be allowed to militate against the building of a 
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properly designed cantilever bridge where the conditions call 
for such a structure. Compared with a suspension bi idL^e, a 
cantilever bridge is rigidity itself. But, again, this is no lea- 
80U for condemning in toio suspension bridges, which have 
their legitimate place in engineering constraction, viz., where 
either an extremely long span is necessary^ or where a cheap 
highway bridge over a wide river is required. 

There is but one kind of sLclI structure in which the canti- 
lever is more economical of metal than the aiuiplc span, viz., 
roofs supported on slcei columns, as in train-sheds and work- 
shops. The reason for this economy is the shortening of the 
spans and the ignoring of the effects of reversion of stress 
when proportioning members. The latter is Ic^timate within 
certain limhs because of the infrequency or improbability of 
such reversion. 

Cantilever bridges being of such an unusual type, and their 
use with very few exceptions dating back only about twenty 
years, but little effort has "yet been made to systematize their 
designing or to investigate their economic features. The only 
paper of any real value on the subject, which has come to the 
author's notice, is one by Prof. Edgar Marburg, published in 
the Proceedings of the Engineers* Club of Philadelphia for 
July, 1896. This paper is an excellent one, but it really does 
not settle any important point concerning the economic rela- 
tions of span lengths, for its muihematical investigations are 
rather crude approximations. 

As the author has lately in his practice accumulated a mass 
of data concerning weights of niet il h\ cantilever bridges, he 
has had his assistant engineer, Mr. Hedrick, extend his calcu- 
lations not only so as to determine all the ecooomic relations 
of cantilever bridges, but also so as to prepare percentage 
curves, by using whicli the total weight of metal in any canti- 
lever bridge of any ordinary type can be found very quickly 
and with consi(1er!it)h' nceuracy. 

Before proceeding to present these results, though, several 
other matters will receive consideration. 

In no work on bridges, that the author has ever seen, has 
there been given a statement of the various stresses for which 
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the several spans of a caulilever bridge should be figured ; 80 
such a tabulatioQ is herewith preseuted. 

Ftfst. Dead- load Stresses. 

Second. live-load Stresses. 

T/tird. Impact-load Stresses. 

Fourtli. Direct Wind-load Stroaaea* 

Fffth. Transferred-load Stresses. 

8ix(h. Erection Stresses from Dead Load. 

Ben^wlh. Erection Stresses from Wind Load. 

Strbsssb nr CantilbveRp Amies. 

Firui, Stresses due to Dead Loud on Suspended Span. 
Btoond, Stresses dae to Lire Load on Suspended Spaa. 
lliird, Stpesses due to Impact Load on Suspended SpMi. 
Ftmrth. Stresses due to Wind Load on Suspended Span. 

Fifth. Stresses due to Transferred Load on Suspended Span* 

Sixth, Stresses due to iiiiectiuu of Suspended Span and 
caused by the Dead TiOad. 

Seventh, Stresses due to Erection of Suspeuded Spaa and 
caused by the Wind Load. 

Eighth. Stresses due to Dead Load on CaQtilevep-axm. 

Ninth, Stresses due to Live Load on GantileTer-arm. 

Tenth, Stresses due to Impact Load on CantileTer-arm. 

Etevmih, Stresses due to Wind Load on Cantilever-ann. 

Twelfth. Stresses due to Transferred Load ou Cantilevexw 
arm. 

Tiiis load affects only the main inclined posts over piers« 

Stresses in Anohob-ajelms. 

JB^H, Stresses due to Dead Load on Suspended Span. 

Second, Stresses due to Live Load on Suspended Span. 

Tliii d. Stresses duo to Impact Load ou Suspended S|)an. 
Fourth. Stresses due to Wind Load ou Suspended Span. 
Fifth, Stresses due to Transferred Load on Suspended 
Span. 
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Sieth. Stresses due to Erection of Suspended Span and 
caused by the Dead Load. 

Seventh. Stresses due to Krectiou ol Suspended Spaa and 
oauaed by the Wind Load. 

Bighih. Stresses due to Dead Load on CaQtilever-anii. 

JVMA. StrasM diw to Live Load on Oaotilever-im. 

Tenth, Stresses due to Impact Load on Oantllenrer-ttrm. 

EUm f U k, StroMPg duo to Wind Load on Cmtif le^r-arm. 

Twelfth. Stresses due to Dead Load ou Anchor- arm. 

Thirteenth. Stresses due to Live Load ou Auclior-arm. 
• Fourteenth. Btresses due to Impact Load on Auchor arm. 

Fifteenth, Stresses due to Wind Load ou Auchor-arm. 

QiaUmUh, Stresses due to Transferred Load on AaebOT-arm. 

Stbbbsbs in Main Cbntral Sfanb. 

CBOBD 8TBEB8BB. 

FM. Btresses due to Dead Load from both Suspended 

Spans and Adjacent CantUever'^rBis. 

Seeand. Stresses due to Live Load covering both Suspended 
Spans and Adjacent Cantilever-arms. 

lldrd. Btresses due to Impact for the latter case. 

Fourth. Stresses due to Wind Load on both Suspended 
Spans and both Adjacent Oantiiever-arms. 

Fifth. Stresses due to Tiaasf erred Load on botk Suspended 
Spans. 

aiiBth, Stresses due to Dead Load on Main Central Span. 
8e9enih, Stresses due to Live Load oo Main Central Span. 

Kighih. Sueiises due to Impact Load on Main Central Span. 
Ninth. Stresses due to Wind Load ou Main Centi-al Spau. 
Tenth. Suesses due to I'raosferred Load on Main Qentral 
Spaa. 

Wn STRBflsaa. 

Firni. Stresses due to Dead Load on both Suspended Spans 
and both Cantilever-arni!^. 

These will be zero for a symmetrical structure. 

890ond. Stresses due to Live Jjoad on one Cantilever-arm 
and one adjoining Suspended Span. 
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This loading produces a constant shear from end to end of 
Main Central Span. 

Third, Stresses due to iTnpact from last load. 

Faurtli, Stresses due to Transferred Load on one Suspended 

Spnn 

This loading produces a constant shear from end to end of 
Main Central Span. 

Fyth, Stresses due to Dead Load on Main Central Span. 

Sixth. Stresses due to Advancing Live Load on Main Cen- 
tral Span. 

Seventh. Stresses due to Impact from last load. 

For certain conditions some of these stresses will not need 
to be considered, but in other cases they will, consequently it 
Is necessary to insert them in the lists. For instance, in the 
cantilever and anchor arms the sixth and seventh items will 
generally be found to have no influence on the sections of 
members, but in some cases they will, as in long-span high- 
way bridges with light live loads. 

In calculating erection stresses, the weight of the traveller 
must not be forgotten, as its influence on such stresses is by no 
means inconsiderable. 

The combination of the vaiious stresses requires both judg- 
ment and care, for some loads may or may not act together, 
and some produce tension whfle others produce compression 
in the same member. Again, distinction must be made be- 
tween groups of stresses with and those without wind-stresses, 
so as to use Ihc (liUerent intensities of ^Yorking-bUesses given 
in the specifications of Chapters XIV. and XVI. It would be 
too tedious to give here the various coinhinntions of stresses 
for each member of each span ; but it will suflice to say that 
the computer will have to And for each main member in the 
entire bridge the greatest tension when wind-stresses are in- 
eluded, the greatest tension when they are excluded, the great- 
est compression when they are included, and the greatest com- 
pression when they are excluded, taking care not to group 
together any stresses that (cannot exi^t sinuiltaneouslv. 

Tin- dptormination of the proper live load per lineal foot for 
any member of a cantilever bridge is one requiring a littla 
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care, the rale bdng that for the piece considered the length of 
8pan to be used in applying the live-load diagram is the total 
length of stracture which must be ooTered by the moying 
Joad iQ order to obtain the greatest stress in the said piece, ex- 
cepting only the 8U8i>euded sp.-ui and the main ceiitnil span, 
for wiach the live loads actually imposed arc to be treated 
ejcactly like those of siiupic spans. Of course, the impact is 
to be figured for the length of structure that must be covered 
by the li?e load to produce the greatest stress in the piece un- 
der consideration. 

Some young engineers have an idea that the finding of 
stresses In cantilever bridges is a complicated matter. On 
the conirai y, it is very simple, as every stress can be deter- 
mined by the ordiuary prifiriislts of statics and veiy readily by 
the use of graphics. AUhough the work is simple, it is some- 
what long and tedious, as is evident from the preceding lists 
of stresses. The computer is advised, when finding the stresses, 
not to try to group the loadings any more than they are 
grouped in the said ]ists» for, if he does, he will probably have 
to separate them while making his combinations. 

In respect to combinations of stresses during erection, there 
will be no necessity for increasing the sections proportioned 
for other combiualions, provided they are as large as those 
required by the said erection-stress combinations w ith the in- 
tensities given ill the speciti editions (Chapter XIY.) for com- 
binations that include windHBtresses, viz., intensities thirty 
per cent higher than those for combinations without wind 
stresses. 

Cantilever bridges may be made either through, deck, or 

hair Lli rough ; but a combination of deck-sfmns for the anchor- 
arms and a through-span for the cantikver-aruis and sus- 
pended span is awkward-looking and unsightly. There is a 
structure of this type across the St. Lawrence Kiver, near 
Montreal. 

It is no easy matter to give an artistic effect to a cantilever 
bridge ; nevertheless It is generally wiihin the realms of pos- 
sibility to do so, although it must be confessed (bat most of 

the existing structures of tlds type are uncompromisingly 
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ugly. If a Qouven upward curve caa )i6 placed in the top 
chord of the Biupeaded apan^ ao «b to ve^erae at Iha eoda isiu> 
a eoncave upward curve on tbe canUlever-armi a giikcelttl 
fiffeot will be obtaiiMd ; bat Uie desigu generally will mo% he 
eoonotuical for erecticxi on account of the large ereclioD* 
sUesises near tlu? point of susiHjnsion. The auihoi- has made a 
desigu ou these lines for a proposed 1500 ft. spau highway 
bridge to cross the Mississippi River at St. Louis ; and, as the 
auspended span «<iald be erected ou falsework, there is no 
want of economy involved. The layout with iiU the mln 
wembara di«wn to true aqaLe baa a very pleaaiog effect 

In long Bpana lilie this it becomes neeeaaary to widea tk0 
eaaif lever and anchor arms uulforinly from ends to main piers, 
so as to obtiiiij the ruqiii>it,(^ rii^idity for resisling wind-pressure 
and bo iis lo keep the wiiid stresses in bottom chords withiu 
r^souable limits. It seldom pays, however, to build the 
trusses of theae aims in planes incliued to the vertical, 
IMriDcipaUy because of tine complicated ahop-work iavolvedu 

Tbe atttbor baa lately bad occaaio^ to deriga a number of 
large bridgea for a proposed braacb-li&e of tbe Nippon Bail* 
way of Japaa. The line, which will be about one hundred 
Hides loug, is to follow the course of a mountain toneul that 
rises from twenty lo twenty-hve feet in two or ihree hours, 
and attains in places a depth of water exceeding one hundred 
feet with a total rise of sixty feet. Of course, falsework can bo 
employed for these bridges only lo a very limited extent, benoe 
it was jieQeseaiy to vesort to tbe use of tbe cantilever. Tbn-o ot 
the eight structures were designed as ordinary cantilevers^ two 
as simple trusa-bridges, and three as cantilevers during erec- 
tion and simple spans afterwards. The last style of bridge is 
very economical uf Ijoth luciai aud iiiuuey, and will bear 
furtlier investigalion ;ifh] extension, 8o as to be made appli- 
cable to crossings where the ordmary cantilever bridge would 
Otherwise be adopted. Its rnodu* operandi is as follows ; 

At each side of the river there is erected on false work a sim- 
ple span having its chords aod cerlala of its web-members (or 
for short spans all of them) stiiTeoed for erection -stre^sea. 
Tiien over es^h pier is built a toggle conaistii^ of horizontal 
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U^p^rHOhord eyebars and adjuAUlile T^tkaK means of 
vWofa 090 iMilf of the oeaftnd span is QaiHUe?ered ovcff the 
filream to fliee^ the other half, after which the togglea are to 
be removed. This method of erection can be undentood hy 

reference to the diagram in Fig. 1. 




One of the three cases mentioned had rather peculiar con- 
ditions, which necessitated the adoption of another expedient. 
About midatream there is a narrow rocky island that reaches 
to alNHit the elevation of extreme high water. Near the edges 
of this island* as shownhi Fig. 2^ will be built twosnudl jpkn. 




each of which will support one end of a long ^;>an. Between 

the end shoes will run a temporary strut, and from each ped- 
estal will spring a temporary post to support the temporary 
top-chord eye-bars that run from hip to hip. The rectauc^ular 
panel is braced with temporary adjustable diagonals, and the 
lop chord is Mnged at the middle and connected to the pede»- 
tale byotber temporary adjuetable roda. These two selsof 
ttdjustalble roda permit of the raising or lowering of one span 
at a time. By means of this derioe more than one half of 
each span can be can tile vered out to meet the remainder there- 
of, which will be erected ou falsework. 
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It is inteuded to erect the CAOtilevered portions of all three 
bridges with their ends higher than they will be Id their final 
position, so that no raising, but onlj lowering, of the weight 
of the arms by the toggles will be necessary. The aatlior is 
of the opiuion that these toggles will work much more easily, 
and will prove in the end less cosily, than the wedges used 
for adjusLineut in the erection of the Red Hock Cantilever 
Bridge, a description of which was given by Samuel M. 
Howe, 31. Am. Soc Q. in the TratuacUoM of that Society 
for 1891, 

In one of the three true cantilever bridges for the proposed 
Japanese railroad an expedient has been adopted by the 
author which may be worthy of description. One approach 

to the structure, as shown in Fig. 3, is through a tunnel end- 
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ing in the face of a Tertical wall of rock. It was at first 

iuteiided to use this rock in lieu of one anchor-arm of an 
ordinary cantilever by letting the main posts lie close to its 
vertical face and tying the lop chords well buck into its mass ; 
but a study of the contours of the rock showed that it dipped 
oft to one side of the Hue in such a way as to render such an 
anchorage of uncertain strength, so it was decided to increase 
the lengths of the suspended span and far cantilever-arm 
sufficiently to cut out the near cantilever-arm« and thus let 
the end of the suspended span roll on two Small pedestals at 
the mouth of the tunnel. Five eighths of this span will be 
erected hy toggles fastened into Ihc rock, and the reniiiiuing 
three eighths will he cantilevered out al^u b) toggles from the 
end of the far cantilever-arm. This method requires more 
metal than does the one first contemplated ; nevertheless it is 
the cheapest, everything considered, that can be adopted. 
The rock-auchorage is amply strong for the dead-load pulls 
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on it during erfection, althoiigb, as before stated, it is not suf- 
ficiently reliable for lesisLing iLe effects of live loads. 

The best method of attaching the suspended span of an 
ordinary cantilever bridge is by hangers from inclined end 
posts on the cantilever-arms. For such sospendeha harroir 
eye^hars should be used ; and it Is generally better to binge 
ihem at the middle. This is because they are subjected to 
lransvei*se bending, due to longitudinal expansion and con- 
traction of su8peii(l( (l spati from bulli changes of tempenUnre 
and the application aud removal of the live load. Narrow 
bars can spring slightly without being overstrained, and a 
rotation of the eyes on the pins irill thus be prevented. Such 
a rotatfon would eventually enlarge the eyes and cut notches 
into the pins, necessitating for some future time expensive 
repairs. 

A suspended span thus hung is free to move longitudinally 
UTnler thrust of train, but its ends are tightly held in a lateral 
direction, so that all wind lojid*^ are carried properly to the 
bottom chords of the cantilever arms ; and excessive longi- 
tudinal motion is prevented by the continuity of the track. 

In cautUever-arms it is better and more economical to use 
Inclined posts as well as vertical ones over the piers, so 
that the various loads will be carried more directly to the 
masonry. To Insure the travel of the wind stresses doWn the 
transverse bracing between these inrilined posts, instead of up 
to the apex of the top chord and down the bracing between 
the vertical posts, the author leaves out one pair of diagonals 
of the upper lateral system between the said apex and the tops 
of the inclined posts. The same expedient is used also for 
the anchor-arms and between the hips of the suspended span 
and the cantilever-arms. 

All bracing between opposite vertical posts and between 
opposite inclined posts should be made very rigid ; aud in 
double-track structures all the sway-bracing should be pro- 
portioned to carry a'^ a live load, with the proper allowance 
for impact, the greatest shear which can come upon it from 
lofidfng one Aide of the floor only. 

Great care is necessary in designing the pedeitals over the 
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main piers so as to cany the loads from the three heavy posts 
to the masonry without overstraining any of the metal in the 
pedestal, and so as to distribute the total pressure' uniformly 

over tlie masonry bearing. Until recently the author has 
adopted ])e(lestals built of plates aud shapes, >)ut has lately 
derided to try steel cjistiiigs, hs the pound price fur these has 
now come down to something lilse a reasonable ligure. The 
difficulty in finding room for the proper number of rivets for 
attaching together their component parts renders built pedes- 
tals clumsy and expensiye. 

The anchorage details require special care, and no rules 
can be gfyen to govern their designing, for the reason that 
the conditions vary for all crossings. The following hints, 
though, may be of use to the designer : 

First. The anchor- bars should be made as long and as nar- 
row as pmcticable, and should be divided into short lengths 
by pins, for the same reason as given in the case of the su8> 
ponders of the suspended span. 

80eond, All anchorage details should be accessible to the 
paint-brush, excepting, of course, those portions of the hot* 
tonl girders which are buried in the masonry. This result is 
accomplished by leaving wells in the anchomges of sufficient 
size to permit the passage of a man to do the painting. If 
these wells are at any time partially tilled with water tempo- 
rarily by the rise of the stream, no harm will be done, pro- 
vided that the painting of the metal-work therein be always 
attended to properly. 

Third. Concrete for anchorages is always preferable to 
masonry, because it can readily be made to take any required 
form. If necessary, its exterior can be protected against 
abrasion from ice or drift by facing with granite or other bard 
rock. 

Fourth, There should be an independent anchorage against 
wind-pressure, obtained by sliding surfaces of steel, one of 
each pair of same forming part of a heavy detail which is 
rigidly attached to the bottom of the end floor-beam, and the 
other forming part of a heavy detail that is aadiored firmly 
to the masonry. 
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Fifth. The tops of the aDClior-piera should be made abso- 
lutely water-light \vithout iulerfeiiag wiih Ihu l(jii^;iuuiiiial 
expansiou of the anchor-urm, so as to prevent rusting of the 
interior noietal-work. 

Sixth, The net weight of masonry in any anchor-pier, after 
deducting the greatest buoyant effort of the displaced water, 
should be twice as great as the maximum uplift on the said 
anchor-pier^ when the effect of impact is duly included. 

A few observations concerning some of the largest canti- 
lever bridges yet Iniill miij be of service ttj the iLadei : 

The largest structure of this type in the \voi Id is the bridge 
at Queeosfeny over the Firth of Forth, the main portion of 
wiiich consists of two spans of 1710 ft. each, with central 
spans of 350 ft. each, and two anchor-arms of 680 ft. each. 
The length of the tower-span over the centre pier is 260 ft.« 
and that of each of the two other tower-spans is 145 ft.» 
making the total length of the main structure 5410 ft. The 
design for this bridge and h complete history of its con- 
structiou are given in a special work published by Engineer- 
ing (Loudon). 

The exceptions which the author would take to this design 
are as follows : 

Fint The suspended spans are just about one half as long 
as they ought to be for both appearance and economy. 

Second. The structure should have been made pin-con- 
nected for both ease of erection and certainty of stress dis- 
tribution. 

TJiird. A single system of cancelhition for the webs of the 
girders would have been more scientilic than the double sys- 
tem adopted, and would not have been any more expensive. 

Fcurih. The strttctui-e as a whole, f ram the point of view of 
American engineers^ was unnecessarily expensive. 

On the other liand, though, the labor involved in both the 
designing and building of this bridge was immense ; and the 
successful completion of the structure is a great credit to all 
concerned in its designing and construction. 

The cantilever bridge having tlie next longest span is the 
Lansdowne Bridge over the Indus Kiver at dukkur^ India. 
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Il ooDskto of a single span of 820 ft. without anebor-atms^ 
the latter being replaced by guys, and with a suspended span 
of dOO ft. The appearance of the bridge is bizarre in the 
extreme, and the structure is ecouomic in neither weight of 

material nor cost of shop work. Couipiu ed with an American 
bridge of the suine span, cnp;icity, and strength, the weights 
of mptal in the 8^>ft. span ouly would be about iu the ratio 
of uuity to 0.75. 

The cantilever having the next longest spun, viz , 790 ft., is 
the railway bridge at Memphis over the Mississippi River. 
This structure is both unsightly and uneconomical of material. 
Its layout of spans is unfortunate (but the War Department, 
and not the designer, is responsible for this), and the truss 
depths are far too small for both economy and appearance. 

The next lonao'^t oantilever span is that of the Red Rock 
Bridge over the ( olorado Biver on the Atlantic and Pacific 
Rtdlway. This structure consists of a main span of 660 ft. 
and two anchor-arms of 165 f I. each, the length of the sus- 
pended span being 880 ft. The width between central planes 
of trusses is 35 ft. ; and the truss depth varies from 55 ft. for 
the suspended span to 101 ft. for the verttcnl posts over the 
nuiia piers. As the author is the person responsible lor its 
layout, iiis criticism tliereof will not be of mucli value. The 
bridge was designed to meet certain conditions, eeouomy iu 
first cost beu)[r ihe prime requisite; consequently the subject 
of esthetics did not reodve great consideration, fingineeni 
and architects differ fundamentally in their opinions cohoetn- 
ing the architectural effect in this structure. Some approve 
its appearance: others characterize it as harsh in its outlines. 
The relations between lengths of suspended span, eantilever- 
arms, and anchor-arms, and those of width and depth, 
although very hurriedly determined, have since been found 
to be just about the best practicable. This bridge, as before 
stated, is described very fully in the TransacUom of the 
American Society of Civil fiugineers for 1881. 

There are many other cantilever bridges having main spans 
of from 400 ft. to 600 ft. or more, but space will not permit 
their enumeration. 
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Many expedients liave betu used to connect the metal- work 
of the suspeuiud .sj ^ms of cuuliiever bridges, and considerable 
trouble has often been experienced iu doing the work, owing 
to variations iu both length and elevation. The author is of 
the opinion thai but little difficulty will be experlenoed if the 
foUowing pfecautioiis be tnfceu : 

Fwrat. See that the entire triangulation is so accurately done 
that thefe will be no poesibility of an error exceeding one 
quarter of an inch In the distance between centres of pins 
over main piers. A perusal of Chapter XXIII. will show IhuL 
this is perfectly feasible. 

Becond, bee that extra precautions are taken by the inspect- 
ors during the manufacture of the metal- work to insure that all 
lengths of main members ^il be absolutely correct. 

2%tre2. See that the tapes used in shop and field are of 
exactly the same length. 

Fovrth. Use toggles like those described in this chapter for 
effecting the adjustment. 

Fift?i. Arrange to have the meeting ends of the chords a 
tritic high, so that lowering and not nusing will be necessary. 

Bixth. Arrange matters so that when the ends of the metal- 
work come together they will be a trifle apart rather than tend- 
ing to lap, for it is much easier to heat the chords slightly by sus* 
peudiug beneath them sheets of metal containing slow fires than 
it would be to cool them by packing ice around them in cloths. 

lieferring now to the before-mentioned special investiga- 
tions made by Mr. Hedrick, the questions set him for solution 
at the outst't thereof were the following : 

FirsL The ratio of the economic length of suspended span 
to that of the total openinjg. 

Second, The most economic length of anchor/^arms when the 
total length between centres of anchorages is given, and when 
the m^o piers can be placed wherever desired. 

Third. The relations between the weights of metal in the 
suspended spun, can liiever arms, anchor-arms, anchorages^ 
main pedestals, and anchor- sjijnis. 

Fourth. The best proportionate length for uuchor-spans, and 
Ike^mparative weights of metal in thosu of difbrent l«ingtha. 
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The ratio of weigbls of metal in cantilever bridges of 
▼arious types to those in simple-span bridge having the same 

liuiiiber of spaus. 

Mr. Ht'drick's inclhod of detei mining the eooDoinic functions 
WHS to take the data on hand tor the proposed Japanese cauti- 
lever bridges, exact weights of metal having been computed 
for structures of 820-ft., 400-ft., and 500-ft. openings, and, by 
varying the layouts so as to use longer and shorter suspended 
spans and longer and shorter anchor-arms, obtain, by actual 
designs and estimates, the weights of metal for a sufflcient 
number of layouts to indicate the desired minima. 

In determiuiug tlie economic length of suspended span for 
a certain opening, Uie length for llie nncl^or-arnis was fir^'t 
assumed to be one fourth of said opening, then the total weight 
of metal in the entire bridge, including even the anchorages 
and pedestals, was figured for several cases ; and the length of 
suspended span giving the least weight of metal for the whole 
structure was found to be about three eighths of the opening, 
although this length showed only one and a half per cent 
advantage over the case where the ratio was one half. Now, 
as the rigidity of the entire structure certainly increases with 
the length of the suspended span, it will often be found best 
to make the length of the latter about one half of the opening 
rather than three eighths or any smaller proportion. Ou the 
other hand, though, it has been found by trial that, with the 
three-eighths ratio, there results a more sightly layout than 
can be obtained with the one-half ratio. 

Xcxt 31 r. lledrick tabulated the various component truss 
and lateral weights of several of the typicnl cauliiever bridges 
designed in tlie author's oilice, the leading dimensions for 
which are given in the following table. 

From these weights he constructed the curves shown on 
Plate X, from which can be found the total weight of metal 
in the trusses and lateral systems of any thiee-span cantilever 
bridge, when the weight per lineal foot of the trusses and 
laterals in the suspended span is known. This weight, by the 
way, is, on the average, eight per cent greater than that for 
an ordinary simple span of the same length, the extra metal 
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belog required mainly for stiHeDiug certain truss members ta 
resist erection stresBes. Of counse, if false work be used for 
the suspended span, the eight per <ient excess will not be 

added. 

The curves of peicentages are based oii two assiiiiiptious, 
viz.: first, tbe puuels throughout Ihe entire structure aie of 
equal length, and, second, the Jengtlis of the caulilever-urms 
and anchor-arms arc the same. The first assumption is nearly 
always correct, for there is no advantage to be gained by 
varying tbe pimel lengths in tbe various portions of the 
bridge. If the lengths of cantilever and anchor arms are un- 
equal, the average weight of metal obtained for the latter by 
use of lUc curve will have lo be cuirectcd by the formula 

where T' is the correct, final weight of truss and lateral 
metal in the auchor-arm, T is the weight of same found by 
the percentage curve, and r is the ratio of length of cantilever- 
arm to tha^ of anchor-arm. 

It should be observed that, in applying the percentage 
curves to structures having subdivided panels lik£ those of 
the Petit truss, the main or double panel is to be usjed as the 
basis of calculation. 

The metliod of applyinc the percentage curves is as follows: 
Let us take any opening and as.^ume that there are six panels 
in each cantilever-arm, and that the weight per foot of truss 
and lateral metal in the suspended span is w, the panel length 
being and jno = TT. It is to be observed that this method 
is applicable for any proportionate length of suspended span. 

The weight of metal In the floor system, being independent 
of the span lengili and simply a function of ilie panel length 
and of the distance between trusses, is not considered in the 
investigation, but is, of course, to be added when figuring the 
total weight of metal in the structure. 

The weif;ht of truss and lateral metal in the cantilever-arm 
will be 

1 .2 )V f 1 A W -{- 1 .65 W + 2. 0 W + 2.4ir+ 3.0 Tr= 11 .65 IF. 
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Tfm weiglit of metal in the panel o^er the pier ia» ecoording 
to the diiectioos on the diagiiwi. 



Let us assume that there are only five paaels iu the anchor* 
arm, then the trial weight T will be 

0.tnW+ 1.751?'+ %AW + 2.51F+ 8.0F= 10.10 fT, 
Subatitufcing in the formula givea 



It will be seen from these calculations that the full perceut- 
ages given for the end panel points of cantilever and unchor 
arms are to be used, although in reality there is but a half 
panel length for each point. This is caused by the heavy 
details required at these points for adjustmeut and anchorage. 
All erection metal at the end of a suspended span is assao^ 
to belong to the cantilever arm. 

Should in any case the panel lengths be unequal in different 
portions of the structui-e, it will be a simple matter to use tho 
curves by finding avenige weights per fool for two iissunied 
cases of equal panel lengths, one making the arm greater and 
the other making it less in length than it actually is, and 
interpolating properly between the results for the required 
average weight per foot for the arm. 

The total weight of metal in the two anchorages of any 
thfee-span cantilever bridge can be taken at five per cent of 
the grand total weight of metal in the said three spans, and 
the weight of metal in the pedestals ou main piers at four per 
cent of same. Of course, conditions vary fur dillereut oases, 
nevertheless these percentages will give resuiu sufficiently 
close for all practical purposes. 

If the bridge be so long as to require an anchor-span, its 
weight of trass and lateral metal per lineal foot will be about 
d.2ISw, irrespective, strange to say» of the length of said 
anchor-span, 10 being ihe weight per foot of the trusses and 
laterals in a suspended span, whose length is three eighths of 



1.8 X 8.01K= 
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the main opening* The explanation of tbia is that the weight 
per foot of the chords, though independent of the upward 
bending moment, increases proportionately to the downward 

bending moment with the length of span ; while the weight 
per foot of the web, in so far as it is affected by the shears 
from exterior loading, the ruling factor in determining the 
sectious of web members, varies inversely as the span length. 

If the length of anchor-span be very short, say materially 
less than one half of the main opening, the weight per foot 
for trusses and laterals will have to be increased to 8.6fo, not> 
withstanding the fact that the entire top chords may then be 
built of eye-bars ; hut such short spans would probably be 
barred out by consideration for navigation interests. 

The percentage curves of Plate X will not bear a rigid 
criticism, in that they make the weight of metal depend upon 
the number of panels. It is presupposed, however, that the 
panel length adopted is the most appropriate one for the 
bridge; and the curves will be found quite accurate whenever 
the proper panel length is used. With long panels the weight 
of metal per lineal foot found by the curves for cantilever and 
anchor arms is less tliau that found thereby for short panels. 
This is as it shojild be, but to a limited extent only ; for it 
can be found by trial that an abnormally short or abnormally 
long panel length will give results too great or too small when 
checked by computations of weights made from actual 
designs. 

These percentage curves enabled Mr. Hedrick to solve read- 
ily the next problem, viz., given the total distance between 
centres of anchorages and carte blanche as to the location of 
the main piers, to determine the length of each anclior-arm 
which will make the total weight of -metal in the structure a 
minimum. He found this length to be two tenths of the total 
distance between the anchorages. 

It must not be forgotten that for every dollar saved by re- 
ducing the total weight of metal through the shortening of 
the anchor-arms, it will be necessary to spend about twenty 
cents for extra concrete in the anchorages. On this account, 
for the conditions assumed, the truly economic length of each 
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ancbor-arm of a three-span cantilever will generally be a little 
greater than tweuty per cent of the total distance between 
centres of nnehornges. 

When, however, the problem is to determine the economic 
lesgth of anchor firm for a fixed distance between main 
piers, the result will be quite different; because, within 
reasonable limits, the shorter the anchor-arm the smaller will 
be its total weight of metal, and because trestle approach Is 
much less expensive than anchor-arm. It would not, for 
evident reasons, be advisable to make the length of anchor- 
arm less than twenty per cent of that of the main opening, or 
say fifteen per cent of the total distance between centres of 
anchorages. With this length there would probably be no 
reversion of stress in the chords of the anchor-arm, e?en 
when impact is considered. Generally, though, the appear- 
ance of the structure wUl be improyed by using longer anchor- 
arms than the inferior limit just suggested. 

In respect to the best proportionate length of anchor- ^ 
spans, the latter weigh so much per lineal foot for nil cases 
that the shorter they are made the greater the economy , but, 
as before stated, it is improbable that navigation ioter( sts 
would ever permit of their being made shorter than one half 
of tlie main openings. 

In respect to his f fth and last problem, Hr, Hedrick 
obtained the following results : 

The tolal weight of metal in a Ihree-spau caiilik vcii lailroad 
bridge, floor system included, is to the total weight of metal 
in a simple-span bridge of three equal openings, for which false 
work is to be used throughout, as unity is to 0.6. The cor- 
responding ratio for the case of the centre span, erected with- 
out false work, is unity io 0.64. 

For a very long bridge, composed of a succession of canti- 
levers and anchor-spans which are one half as long as the main 
openings, and which has a suspended span resting on each 
extreme pier, the ratio of weight of metal to that in a corres- 
ponding bridge of equal, simple spans and the same number of 
piers, the spans being erected on false work, is as unity to 0.75. 
For the case of alternate simple spans erected without false 
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work, the ratio would be as unUy to 0.8. These iesu]U were 
obtained by assumiug avei-age piobable conditions ; but the 
longer the simple spans and the greater the total length of 
structure, the less will be the varibtlOD in weights of cantilever 

autl simple-span bridiixs, iiliiioiigli it would rciuire very long 
spans and a cri cat total length of structure to change material- 
ly the ratios found. 

It is therefore evident that, when economy in first cost is 
considered, as it always ought to be, there will seldiHn, if ever, 
be any need for considering the adoption of cantileyer bridges 
with anchor-spans, because structures with simple spaas ai3e 
both cheaper and better. It is also evident that in many cases 
it is advisable, from considerations of both rigidity and 
economy, lo adopt a bi idge consisting of three sinijde spans, 
with the middle one cautiievered from the others, rather than 
the ordinary three-span cantilever bridge. When each of the 
side spans is as short as one-half of the middle span« or even 
shorter, there will be no difficulty experienced in the erection, 
and no great provision will be required for holding down the 
outer ends of the side spans during erection. Of course, the 
nearer to equality that tiie three span lengths are made, the 
greater will be the econom}^ of metal, but a wide diverL^ence in 
these lengths will not necessitate any such increase in weight 
as to alter the preceding conclusion regarding the great econ- 
omy of simple-span bridges over ordinary cantilever structures. 

The question sometimes arises as to how the total weight of 
metal in a three-span cantilever bridge varies with the length 
of the main opening. If the lengths of the anchor-arms vary 
proportionately to the main opening, the increase or decrease 
in the total weight of metal in the structure will vary about 
twice as rapidly as the increase or decrease in length. For 
instance, if the main opening and total length of bridge be 
increased ten per cent, the total weight of metal in the entire 
structure will be increased twenty per cent. This rule, which 
is merely an approximation, will apply fairly well for changes 
not exceeding twenty per cent and for spans of medium 
length. For greater chunges the ratio of increase or decrease 
gradually augments, and for very long spans it is slightly 
greater thau two, while for very short ones it is slightly less. 
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in r«8pect to the relations which sfaoold exist between leugih 
tfi main opening, perpendicnlar distance between central 

planes of trusses, aud llie vuriuub truhs depths, the author's 
practice is to make the least dislanco between parallel trusses 
one twenty-seventh of the main opening; the least distance 
between axes^ of vertical posts over luain piers» wheu the 
trusses converge towards the suspended span, one twenty-fifth 
of the said opening; the truss depth for the suspended span, 
when the chords are parallel, from one fifth to one sixth* or 
for very long spans even one seventh, of the span; and the' 
height of the vertical posts over main piers not to exceed four, 
or preferably three and a half, times the perpendicular dis- 
tance between their axes. For through cantilever bridges 
the author generally makes the height of these posts about 
fifteen per cent of the length of the main opening. 

For the sake of appearance the centres of the top-chord pins 
In cantilever-arms are placed on ares of parabotes, the vertices 
of which are located at the hips of the suspended span; and 
the anchor-arms are laid out to the same curve, beginning at 
the lops of the posts over the main piers. 

In concluding this chapter, a check on the correctness of 
percentage curves for weights of cantilevers will be given by 
applying the curves to the published estimated weights of 
metal in the various members of the longest cantilever bridge 
that has ever yet been designed in detail, viz., the proposed 
d300-ft. span (measured between centres of main piers) for 
the North River Bridge at New York City. This proposed 
structure was designed by the Union iiridge (.'umpany. 

Tiie total weight of metal in trusses and laterals of the 720- 
ft. suspended span is 10,4UU,UO0 lbs. The trusses, which arc 
of the Petit type, are divided into six main panels of 120 ft. 
each; consequently the panel weight is 10,400,000-^-6=1,783,000 
lbs. In the cantilever-arm there are six and flve-elghlhs main 
panels; consequently the weight of trusses and laterals there- 
for will be 

1.20W+ 1.40 W ^ 1.65 W + 2.00 W -r^AOW-\- 3.00 W 
H- I X 3.00 W = 13.90 W = 24.090,000 lbs. 
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Each a&clior*arm is 840 ft. long, and is di?ided into seven 
double panels, and there are seven and five-eighths loads to be 
considered; consequentlj the weight of trusses and laterals 
therefor will be 

0.75Tr+ l.nW+ 2.10 IF+ S.50 W+BMW+S.15W+4.7bW 

+ f X 5.65F= 22.1STr= 88,351,000 lbs. 

This weight must be reduced, owing to the fact that the 
length of the cantilever arm is only six sevenths of that of 
' the anchor-arm, making r = 0.857. 

r=:^(i + r) = ^'^^^'^ (t.857) = 35,609,000 lbs. 

The total weight by the curves for the two cantilever and 
anchor-arms is therefore 

2(24,090,000 + 85,600,000) = 119,808,000 lbs. 

The total weight of melal given in the published estimate 
for trusses and laterals for the two cantilever and anchor arms, 
after deducting 11,500,000 lbs. for weight of metal in tlie 
anchorages and ignoring the nllowftuce for sundries (which 

was probably put in fur pimieiitial reiisousi, is 119,700,000 
lbs., mnking the difference 302,000 lbs,, or uboul oue quarter 
of oue per ceut. 

This is an extremely accurate checlL, and proves that tbe 
curves are reliable ; nevertheless the author would not guar« 
antee them to give any such close coincidence for all cases. 

Since these pages went to press tbe author has beeu engaged* 
on the making of a preliminary desiofu with a detailed esti- 
male of weight of mtUil for a proposed double-tnick ruilwiiy 
Jiiid highway cantilever bridge, with a ceutral upeuiug of 
1,000 ft., to cross the St. Lawreuce Uiver near Quebec, 
Cauada. The result of the estimate as far as it has been car- 
ried gives anotber excellent check on tbe accuracy of one of 
the curves ; as the error for the cantilever arms is only one- 
eightli of one per cent. The anchor arms have not yet been 
dciaiitidt 
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CHAPTER YL 
ABCHE8. 

Thb arch is a rather uncommon type of structute in Amer- 
ica, because the conditions which make it economical are 

unusuril. For deep gorges with rocky sides, or fur shallow 
Btreniiis with rock bottom aud natural abutmeuts, arches are 
emiuently proper and ecoDomical. But when a steel bottom 
chord is needed to take up the thrust between sprmging 
points, all the economy of the arch vanishes. 

The advantages of the arch are a possible economy of metal 
sad an osthetic appearance, while its disadvantages are a lack 
of rigidity and, for most types, an uncertainty concerning the 
maximum stresses in the members. 

Arches are sometimes used for large train-sheds, in which 
their avehitecturul etfect is certainly very fine, but tliey require 
about twice as muck metal as do cantilevered trusses supi)oi ted 
on columns; consequently they can be adopted only when 
appearance is an extremely important factor in the design. 

When bridge foundations have to be built on piles or on any 
other material that is liable to slight settlement, or when the 
abutments could possibly move laterally even a mere trifle, it 
is not proper to adopt an arch superstructure; for any settle- 
ment or any motion whatsoever in either piers or abutments 
would upset the conditions assumed for the computations, and 
thus cause to be increased to an uncertain amount sonu> of the 
stresses for which the superstructure was proportioned. This 
criticism does not apply to the three-hinged arch, but even this 
design requires good, solid abutments and firm foundations for 
pien. 

Arches can be erected on falsework, by cantilevering, or by 
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building vertically the two lialves and lowering them hj cables 
till thej meet at the centre. Whichever of these methods is 
the easiest and cheapest is the one to adopt. 

A very easily erected arch is shown in Fig. 4. The pieces 

marked AJJ are tLyi[)oniry, ilikI are to be used only during 
erection. Tiiey can be made of timber, so as to be removed 




Fio. 4. 



readily after the arch is coupled at mid-span» or may be of 
steel, and be left In as idle members, solely for the sttlte of 
appearance. 

It will be seen from tlie diagram that the structure is a 
cantilever during erectiou, and afterwards consists of an arch 
span and two simple spans. This type of bride^e probably 
requires a little more metal than would an ordinary segmental 
arch with trestle-approaches, and possibly is not quite as rigid 
as the latter, but the saving of cost in erection will fully offset 
these disadvantages. 

With three hinged arches there is no ambiguity whatsoet^ 
in Llie determination of stresses, but in all other cases there is. 

There are four cases all told, viz.: 

1. Arch without any hinires. 

2. Arcli with one hinge (at crown). 

3. Arch with two hinges (at abutments). 

4. Arch with three hinges (at crown and abutments). 
These four cases can be reduced to three, because there is 

no good reason for ever building an arch fixed at the abut* 
ments and hinged at the crown, 
lu Case ^o. 4 luere are uo temperature stresses, but in all of 
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the other cases there are ; and Ihey must always receive due 
consideration in proportioning the members. 

All things considered, the author prefers to adopt the three- 
bin ged arch lor railroad bridges, because the stresses can be 
detenmned as accurately as can those of an ordinary truss 
bridge, and because of the absence of temperature stresses ; at 
the same time it must be admitted that an arch without hinges 
is more rigid than one with hinges, and tiiatf theoretically, it 
is more economical of metal. 

For highway bridges, in which the assumed live loads will 
seldom, if ever, be realized, it would be best, all things con- 
sidered, to adopt the arch without hinges, so as to obtain the 
greatest possible rigidity, even at the expense of certainty in 
computing stresses. 

For arched train-slieds, the two-hinged arch of crescent 
shape will generally be found the most satisfactory. 

While the author was engaged on the prcpaiiilion of this 
cliapter he received a copy of Prof. Malverd A. Howe's new 
book, entitled A Treatise on Arches." This work, which is 
entirely mathematical in character, is certainly the most com- 
plete book on arches that has ever been written, and appears 
to cover the entire subject of stresses in arches of all kinds in 
a most satisfactory manner, although, of course, the author 
cannot vouch for the correctness of Prof. Howe's figures 
without checking the mathematics from start to tinish, a task 
which he feels is too great for both his si)are time and his 
advancing years. It is probable, though, that the author will 
have the book checked some time by one of his :is^i taut engi- 
neers, in case that he has to make another design for an arch* 
Meanwhile he is satisfied to assume that all of the mathemati- 
cal worii is correct, because of Prof. Howe*s established repu- 
tation as both a mathematician and an engineer. Prof. Howe 
has tabulated the results of his couiputations in a very con- 
venient form, so that his formulae can readily be applied in 
designing, especially for preliminary designs and estimates. 
In spite of its discouragingly mathematical appearance, Prof. 
Howe's book promises to prove of great practical value to 
designers in structural steel ; and its author is certainly to be 



Digitized by Gopgle 



D£ POI^XLBUS. 



commended for the immense efForl he baa put forth in accom- 
pliablDg for the eogineeriog profesidou such a laborious piece 
of work* 

Prof. Howe finds the relative weights of metal in a 416' arch 

with a 07' rise, for Cases Kos. 1, 3, aud 4, to be as follows : 

Case No. 1, no hinges 1.00 

Case No. 8, two hinges. , * . • 1.21 

Case No. 4, tbi-ee hinges 1.80 

The author is of the opinion that, if he were to make three 

such designs for comparison, there would not be such great 
(liiTe»*ences in the weights, because constructive reasons will 
cause the designer to use only a few different sectional areas 
in the chords of anarch; while Prof. Howe*s students, who, 
as he states, made the calculations from which the tabulated 
latioa were determined, probably proportioned the section of 
each panel length of each chord for the greatest stress to which 
It could be subjected. This would be eminently proper in 
making such a comparisou; but tlie results of the computations 
would not agree with sitnihir results ubiuiued by a bridge 
specialist. 

It is dillicuii to make a proper comparison in respect to 
economy between ai'ched and simple truss bridges, owiug to 
the fact that the piers di£ter for the two cases; but a fair one 
can be obtained by assuming that steel braced piers are used 
to support the deck span. 

The author has had occasion lately to design in complete 
detail for a British Columbia railroad a 260- ft. arch bridge, 
shown in Fig. 5, having a rise on the centre lino of 59 ft., and 
to compute the exact weight of metal in same. For the sake 
of comparison, he has since designed according to the same 
specilications a 260- ft. deck-span, having a truss depth of 35 
ft., resting on steel braced towers 36 ft. high. The total 
weight of metal for the arch design is 2,111 pounds per lineal 
foot, and that for tlie truss design, including the towers, is 
2,54* pounds per lineal foot, showing a saving of about twenty 
per cent in favor of the arcU. 
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As for tlie wlatiye rigidities of Uiese two straoUiMS* tbeve Is 

Tery little doubt that a comparison of the fluished bridges 
under load would result in favor of the simple span. 
la i)iakiag the prelimiuai;/ jiUidy for tbe aiuli bri4g6 iier«ia 




zefemd to, tbere was prepared a comparatfTe design for a 

three-hinged arch, in which each half of each arch consists of 
a lenticular truss as shown in Fig. 6. 
Coatrarj to the author's suimise^ this design did not prove 




Fi(i. 6. 



to be any more ecoDomical than that with the circular arch, 
the total weights of metal io the two stiuetuies b&ug aiiiiu»4 



biyiiized by Google 



84 



DE POKTIBU& 



exactly the same. Tlie circular urch whs, therefore, adopted 
on account of its superior appeumuce. 

Ck>nceruing the relations between the principal dimeosioua 
for arch bridges of Tariotia types but little can be said, for the 
reason that but little is koowo, because of the scarcity of such 
bridges in this country. In most cases the length of span and 
the rise are determined by the existing conditions at the cross* 
ing. For auy given span, the greater the rise the less the 
effect of uniform load strch-sus, but the greater the effect of 
partial load stresses, and vice versa. Again, for any given 
span and rise, the arch depth does not affect the uniform load 
stresses materially, while it does so affect the partial load 
stresses; and as the latter are inferior in importance to the 
former, it results that the depth of an arch for economy of 
material will be very much less than the best depth for an 
uitliiiary truss of the same span. The arch depth, too, will 
dei>eud upon whether the arch lias fixed ends and continuous 
crown, hinged ends and continuous crown, or hinged ends and 
hinged crown. For tlie first type, a varying depth increasing 
from the centre to the ends is economic; for the second^ a 
yarying depth increasiog from ends to centre Is best; while 
for the third, a constant depth from end to end seems prefer* 
able. Again, the arch de[)ih will depend considerably upon 
the style of web, i.e., whciiier it be plate, open-riveted, or 
piu-connected. The best depth or depths to adopt for any 
case should be given a special study, in making which Chapter 
YI of Prof. Howe's book will be found of great assistance. 

In respect to the style of curve to adopt, whether cu'cular, 
parabolic, or elliptical, the author*8 preference would generally 
be for the circular on account of its simplicity, although the 
parabolic might theoretically give better results. 

Ill the author's opinion, a plate-ginler arch should be made 
witliout hinL''es, an open-webbed liveted arch either with or 
without hinges, and a pin-connected arch with hinges. In the 
latter case, it is only the web members that sliould be pin> 
connected, for the chord members should be riveted up and 
fully spliced from end to eud. There should be only a 
single system of cancellation used in webs of arches, so as to 
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SToid as much as possible ambiguity in the stress distribution. 

Riveled connections are preferable to pin couuecuous for the 
diagonals on account of rigidity, but are more expensive for 
erection. 

Hard and fast rules for the minimuin spacing of outer arches 
of bridges for Tarious spans and rises cannot well be given. 
The narrower the structure within reasonable limits the less 
the cost, but the less also the rigidity and the lateral resistance 
to overturning from wind-pressure. In the 260-ft. span herein 
referred to, the author made the distance between central plaues 
of arches tweuty-two feet, whicli was as small a distance as he 
dared to adopt, notwithstanding the fact that economy of first 
cost was an important factor in the design* An approximate 
rule to work by might be to make the perpendicular distance 
between outer arches not less than one third of the height from 
springing point to grade. 

In concluding this chapter, the author desires to cull atten* 
lion to the fact that there is still a great deal to be learned 
about the desiarniog- of arches ; anti to suggest that some pro- 
fessor of civil eugiueering, who is well posted on bridge de- 
signing and who has time to spare, could spend several months 
to the great advantage of the engineering professloa in deter- 
miuiog the proper relations of span length, rise, arch depths 
width between exterior arches, etc., for the various styles of 
arch, and in asoertaioing tlie lehitive economies of the latter. 
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CHAPTER VIL 

TBS8TLE8 AND VIADHOIS* 

But little need be said in this chapter concerning the desigii- 
inp; of trestles and viaducts, as that subject is fully covered in 
Chapters XIV and X\'l, However, as the laltcr ebajjlers are 
Bpecifications. and are written iu very coDcise form» it seems 
adTlaable to give here oertain explanations of the reasons for 
ttie rules and directions therein formulatedi emn at the risk 
of lepeCUion of a few matters. 

The best layont for a trestle or yladuct is the one which will 
make the cost of the structure :i minimum, provicied tbat the 
s|>ecilicaiions used iu designing wiii insure for any layout the 
requisite strenirth and rigidity. 

As stated in Chapter III, ike greatest economy will exist 
when the cost of tiie bents and their pedestals is equal to the 
cost of the loi^iCiidinal girders and longitudinal bracing. On 
this account it is adyisable to make the tower spans shorter 
than the intermediate spans, taktng care, however, not to have 
the former too short for either appeaianre or proper resistance 
to traction. In general, tower spans >>liould v;iry in length 
from twenty to thirty feet, although for very low structures it 
may sometimes be advisable to go a few feet below twenty. 
For the intermediate spans the length generally varies from 
thirty to sixty feet ; but for very low structures with heavy 
rolling loads the economic length may be found to be less than 
thirty feet, in which case it will be perfectly legitimate to re- 
duce the s{)!iu lengtli to suit the e.onoiuie conditions. 

The reason for adopting sixty feet for the superior limit ig 
because trestles and viaducts are nearly always erected without 
falsework by starting erection at one end of the structure and 
dropping the members down by means of an overhanging 
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traveller runniug ou top of the erected portion of the work. 
With tower spnns of tliirty feet and intermediate spans of i^ty 
feet, the traveller will have to reach out ninety feet to erect a 
tower, which is abont the extreme practicable limit. Howcfver, 
ahotild it be necessary to use more or less falsework^ longer 
sfiaiis than sixty feet would fHt»bably be economic. 

Tiie most economic layout for a highway viaduct with 
wooden joi<^ts is alternate towers and spans that consist entirely 
of joists, the limit iiiLZ It Dgths of span heing about twenty 
feet for the tow^ers and twenty-four feet for iutermediates» 
which latter length is the greatest ^pf\n wed in general prao* 
tice for 4^' x 16" wooden joistSw It is not legitimate in such a 
design to rely on the wooden joists of the tower spans to act 
as a part of the longitudinal tower bracing. 

In railroad trestles the longitudinal girders should abut 
against and rivet into the webs of the columns, the latter being 
bent just bel ow the loniilludinal gliders when the legs are 
battered. The author has lately adopted this detail in some 
trestle designs for a British Columbia railroad, and has found 
it to be very satisfactory. For doable-track structures, the 
columns at tops are to be spaced a distance equal to the sum 
of the per|>endlcular distance between the longitudinal girders 
of one track and that between centres of Iracks. awd the legs 
may be made vertical up to a limit of about twice the perpen- 
dicular distance between axes of o]>po^ite columns. 

For siugle-track structures, it is generally best to space the 
longitudinal girders and tops of columns ten fe^t centres, al- 
though an eight*foot spacing is legitimate. The former spac- 
ing gives greater rigidity to the structure, but necessitates the 
use of deeper timber ties. By using very deep ties a greater 
girder spacing may be adopted; but tWs is not necessary, un* 
less very long intermediate spans erected on falsework be em- 
ployed. 

It is not worth while to use a batter for columns less than 
one and a half inches to the foot, and it is never economical 
to use one greater than three inches to the foot. The smaller 
the batter the less the total weight of transverse bracing, but 
the greater the tension stresses on the columns. As a rale, it 
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Is best to keep tbese tension stresses low or even to make tliem 

tion*existent; but In high tresUes it becomes necessary to per- 
mit and provide for them. 

It is wheu trestles are ou sharp curves that great IrUters must 
be used, in order to provide against tlie overtunnng teudeiicy 
of tlie combined centrifugal force aud wiud load. lu such 
cases as these with high trestles it becomes necessary to divide 
up the transverse bracing of the lower portion of the tower by 
placing short vertical columns In the middle of the bents^ and 
bracing longitudinally between the vertical columns of .alter* 
uate adjacent bents. 

In very high trestles, especanlly wheii located on sharp 
curves, the combiuatioiis of coluiiiu stresses for live load, dead 
load, traction load, ccnlrifugal load, and wiud load run ex- 
tremely high, and demand great column sections ; conse- 
quently in such cases it becomes necessary for the designer to 
use considerable good judgment so as to reduce the total stress 
to reasonable limits. For instance, the traction stresses can 
be cut down to les3 than one half by riveting the longitudinal 
girders of au intermediate span to the towers at both ends. 
This reduces the thrnst of train owing to the increased length 
of structure used for determining the equivalent uniform load, 
and fixes the tops of the towers so as to make a point of con- 
traflexure at mid-height, thus reducing the lever-arm and 
therefore the bending moment to one half. 

Again, unless the grade be heavy, it Is often legitimate to 
« assume that the velocity of train is mnterially lessened by the 
sharp curve by Uil- time that the train i l aches the high portion 
of the trestle; and, as the ceutrifui^ui lo ui varies as the square 
of the velocity, the stresses from thi^ load will be greatly re- 
duced by the assumption. 

Again, the prevailing high winds and the centrifugal loads 
may act against each other instead of together, and the com- 
bination may be lowered in amount by recognizing this fact. 

In short, the designer in such a case can use his judgment 
to great advantage, and thus save considerable metal that is 
not really needed, althouirh it miirht be required if a Strict ad- 
herence to the specifications were enforced. 
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The best style of bracing for both the longitudinal and trous- 
Terse faces of the towers consists of stiff diagonals, each formed 

of four angles with a siugle line of lacing, all of said diagonals 
beiug rivete (1 tu the columns and to each other where they in- 
tersect by nicuLis of plates, and no horizontal struts being used 
except at top and bottom of towers, where they are necessary 
to make the bracing a complete system. The panel-points of 
the longitudinal bracing should coincide with those of the 
transverse bracing, although near the top of the tower the 
panels of the latter may be divided on account of the small 
distance between columns. 

In cheap structures, expense can be saved by iiiaking the 
diagonals of the sway- bracing of adjustable rods, and putting 
in horizontal struts at the panel points, which struts should 
always be riveted at their ends to the columns ; because pin* 
connected struts do not stiffen the columns sufficiently to war* 
rant the figuring of the latter as fixed at the panel points. 

When adjustable diagonals are adopted, the employment of 
horizontal struts at top and bottom of towers on all four faces 
is even more imperativf3 than it is when stilt diagonals are 
used. The author has seen trestles without such bottom 
struts, in which the columns have been moved considerably 
out of place by the rods contracting in cold weather and 
drawing the column feet together. Six months afterwards 
the rods elongated and hung in festoons» so were promptly 
tightened up by the bridge inspectors, thus putting them in 
good condition to repeat the o]>cration six months later, and 
so oil from year to year till the coliuuus were bowed percep- 
tibly out of line. 

In all towers, in each plane of the main panel {mints of the 
bracing there should be a horizontal system of diagonal ad- 
justable rods to bring the columns and tower to place and line 
and to retain them there. The use of these systems of hoti* 
zontal bracing is a rine qua non in scientific designing, for 
their omission will permit the faces of the tower to get out of 
plane, and thus the metal in tue columns will become over- 
strained. 

Whether it is better to arrange the column feet of towers so 
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as to pennit of tmfitterrapted expansion and contmctfoii or to 

anchor them down fixedly is a mooted questiou among en- 
gineers. The niithor prefers the foi nu r method for the reason 
that, if Jill the feet are ancliorc^d so to prevent all motion, 
either the pedestals will be sprung laterally or the horizontal 
struts will bulge or bo oyeratraiaed when the temperature is 
at its upper extreme range. In determining the method of 
sHding, one foot of the four sbonld be made fixed in both di- 
xecttons, two should be fixed in one direction only, and the 
fourth should be free to slide in both rectangular directions. 

Occasionally it is advisable to use hinged ends for a solitary 
bent ; but tlie nntlior generally prefers to lix the feet and let 
the column spring laterally under changes of temperature, 
taking care that it be proportioned properly to resist the 
stresses due to such springiog when the same are combhieri 
with the other stresses to which the column is subjected. 
Fixed ends for columns of solitary bents are much more con- 
ducive to rigitHty of structure than are hitoged ends. 

The question of sliding ends for longitudinal girders will 
be treated in the next chapter, which will deal with elevated 
railroads, the expansion pockets being the same for such 
structures as for railroad trestles. 

The best sections for columns are either two channels Uced 
or four Z bars witb a web plate or lacing. If the columns 
have to carry transverse loads, they should have solid webs 
instead of lacing, so as to transmit the shear effectively from 
top to bottom. For light v. orl<, four angles iu the form of an 
I with a single line of lacing will suffice. 

All columns when spliced should have their splices located 
aboui two feet above the panel points of the column bracing. 
Failure to so locate them will add materially to the cost of 
erection. All such splices i^ould be made full» mote espe- 
dally when the tension on the column runs high. 

In proportioning anchorages, the pedestal weight should be 
made not less tlian twice the greatest net uplift from the 
column, due account being taken of the biioyatit cHort of the 
water in ca^^e oi a possible submergence of pedestal* 
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CHAPTER Vni. 

« 

ELEVATED BAILBOADS. 

The author has lately wriMMi fbr the American Society of 
Civil Engineers a lengthy paper on this subject. It has been 
very thoroughly discussed by the engineering profession, and 

the discussions have been auswered in an exhaustive resume 
by the aulbor and his assistant enLrinper. Tni G. Hedrick, 
Aasoo. M. Am. Soc. C. E. The original paper, the discus- 
sions, and the resume have been published in the Tranmetiont 
of the Society for 1897, Vol. XXXYII ; and any one who de- 
airea to make a spoeial study of the subject of elevated rail- 
roadi will do well to read all that has been publisbed thereon 
in the said Transactions, 

Tliere will, however, be given in this ehapter a comju n- 
diuni of the contents of the paper for ihe use of tho.st who 
have no time or inoHnatiou to wade through the two hundred 
paipes that it occupies. 

LiYB Loads. 

The proper live load to assume in designing an elevaled 
railroad is the greatest tliat can ever come upon it, and is de- 
termined by ascertaining the weights of engines and empty 
cars that aie adopted at the outset, then eookputtag how many 
passengers can be crowded into the latter aiftd assunilng thnt 
the average weight per passenger is one hundred and forty 
pounds. The live loads for elevated railroads, unlike those 
for surface niilroiuls, do not inc-rcase from time to time, but 
remain constant. In fact ihe late tendency to operntf^ the 
roads by eleetncity ralher decreases them, for the weight on 
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the axles of a motor car produces smaller bending moments 
than that on the axles of a locomotive. 

After the distribution of the live load on the various axles 
of the entire tuiiu Las been determined, it is well to prepare a 
diagram Oi e(iiiivalent uniform loads and one of total end 
shears similar to those for the Compromise Standard System 
of Live Loh Is for Railway Bridges given in Cliapter XIX» 
in order to facilitate the computing of sUesses and bending 
moments, 

Floob. 

The style of floor in general use on elevated railroads con- 
sists of timber ties with four lines of timber truard-rails, 
closed floors of biickhni pUite carryint:" timber ties in ballast 
beis)g employed at crossings of important streets and boule- 
vards, 80 as to prevent dirt and moisture from falling upon 
people passing beneath. Sach a closed floor has been advo* 
cated for the entire line, and certainly it would be an improve, 
ment upon the open floor * but the Increased ex[)ense involved 
is lilcely to interfere seriously with its adoption for future 
elevated railroads. The ballast over the buckled plate in 
tiglit floors is necessary to prevent noise Irooi passing trains,' 
which, unless some effective sound-deadenei be adopted, 
would be simply deafening. There is one important inci- 
dental advantage in employing a closed floor, viz. , that the 
elevation of the grade is thereby reduced about three feet. 
Of course nearly as great a reduction of elevation can be ob* 
tained with the open floor by resting the timber ties on the 
inner bottom flantres uf the longitudinal girders ; but this style 
of structure is olgectionable for several important reasons, 
Iirominent among which are the necessarily large sections of 
the ties and the difficulty in replacing them. 

Economic iSpaj< Lengths. 

With the ordinaiy live loads, for structures loonted on 
private properly tlie economic span length is about forty leet» 
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while for structures located in the street it yaries from forty- 

seveu to fifiy-three feet according to the tmusvLise distance 
))elweeu vertical iixcs of columns^, the greater the distance 
the greater the ecoaomic span length. With heavier live 
loads the economic span lengths would be shorter. 

P0UR-C0X«UUN WTiUS TWO-COI^UMH 8tructub£S. 

In four-track structures located on private property there 
is but little, if any, difference in the cost whether four col* 
umns or two columns per bent be employed ; but pteference 
Is giyen to the former on account of rigidity. 

Bracbd Towers vermis Solitary Coluhks. 

In stractiires on private property there is quite a gain in 
both rigidity and economy by adopting braced towers spaced 
about one hundred and fifty feet centres. 

RAii<a 

The author prefera to adopt for elevated railroads steel 
rails five inches high weighing not less than eighty pounds to 
the yard, so as to provide for the excessive wear caused by 
the constantly passing trains. 

Trbatbd wr&uB Untreated Tiuber. 

Extended investigations have proved to the author's satis- 
faction that it pays well to preserve the track timber, and 
that, up to the present time, by far the best preservative pro- 
cess is vulcanizing. 

PedestaIi-capb. 

The most satisfactory and ecoiiomirnl pedestal-caps are of 
cOQCi'ete covered with at least six inches of hrst-class granit- 
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old. TbflBe ba^ all Ibe advaotages of cat-Atoee blocka^ ««d 
are 0en6ial\y cheaper The laller, howcvaiv oan be tiaed if 
there be anythiog to be gained thereby, provided Uiat the 

quality of tlie stone be &:st-class in every particuiur. 

AirCHOBAGBB. 

The author prefers to anchor columns to pedestals by 
means of anchor-bolts, either two or four per column, ac- 

coiding to whether there is beuding on the hittci' iu oue or 
in two diiections, extending well down into the concrete and 
held therein by a cast-iron spider, and extending well up 
outside of the column, to which they connect by means of 
long enclosing plates and heavy washers. The boxed spaces 
. at the column feet should always be filled with concrete to 
prevent the collection of dirt and moisture. 

Platb Gibobbs termt$^ Opbn-wbbbbd^ Bivbtbd Oibdbbs. 

As far as economy goes, there is no material difference 
between plate-girder work and open- webbed, riveted work ; 
but the former is more satisfactory in most particulars, the 

only real advantage of the latter being that it is more sightly. 
On this account it is preferable for structures occupying the 
streets, while i)hUe girder work is more advantageous for 
structures located on private property. 

Investigutiuu has shown that it is economical to crimp 
intermediate stlHeulng angles and to use tillers beneath all 
end stiffeuers. 

Sections for Columns. 

Tlie best section for coluniiis located iu the street is com- 
pus(!(i t)f two chaiiiit'jtt with their flanges turned inward find 
an Jl beam riveted between the chauneljii, the liaugcs of the 
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Jfttler being held in place by interior slay-plates spaced about 
4hFee £eet centres. The main object in turning the flanges 
inward is to enable the column belter to resist impact from 
heavily loaded vehicles. 

The most satisftictoiy section for colunms located on private 
property consists of four Z bars aud a web plate. 

EXFANSIOH JonnT. 

The author's ideal expansion pocket is described very fully 
by both text and dxawiogs in his paper on Elevated Railroads^ 
to which the readw is r^erred* 

4 

m 

Propkb Distance bbtwsbst £xPAKSioif Foinrra. 

With columns fixed at both top and bottom^ as the author 
recommends, the pi oper distauce between expansion points is 
about one hundred and filty feet. 

Superelevation of the outei* rail can be obtained by varj^ing 
the heights of the stringers, hy i>uttiug a wooden shim on the 
outer stringer, by using bevelled ties» or by spikiDg a shim to 
each tie. The last two methods are generally preferable, but 
the second oue can occasionally be used to advantage, while 
the first ofte would give unnecessary trouble in the shops. It 
will generally suffice to employ only three bevels for ties^ viz., 
one, two, and three inches in five feet. Such bevels will not, 
it is true, allord the Iheorelical superelevation required for the 
maximum speed on sharj) curves ; but it must be remembered 
that it is dilUcult to maintain high speed on sharp curves, 
hence the compromise between theory and practice. 

Faults in Existing Jllevated Kailboads. 

In concluding his before-mentioned paper, the author made 
a list of Uie piiucipul faulty details in existing elevated rail- 
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roadfl^ thereby proTokiog much animated discussion ; and, as 
tbe subject is one of great importance to the designer of future 
similar structures, tbat portion of the paper which loeladeB 

this list will be lupruduced lieie mrbaiim. 

I. nrsuFnciBNCY of bitbtb fob coNKBoniia diagonals 

TO CHOBD8 OF OFBK-WBBBBD, EIVKTKD 0IBDKB8* 

This defect is more noticeable in old structures than in later 

ones, especially as the tendency nowadays is very properly 

to substitute plate-LHider for open-webbed ron'^triirtion. In 
many of the older elevated rojids tliere is no couuecting plnte 
between the diagonal and the chord, but one leg of each 
of the angles in the diagonal is riveleiUilh-ectly to the vt rticul 
legs of the chord angles. This deiail involves the use of 
either two or four rivets to tbe connection, which is evidently 
very bad designing, as there should be more rivets used, even 
. if the diagonal stresses do not call for more on purely theo- 
retical considerations. Where the theoretical number of riveta 
is very small, additional rivets should be used for two reasons, 
viz. : first, one or more of tbe rivets are liable to be loose, and, 
second, there is nearly always a torsional niomeut on each 
group of rivets, owing to eccentric connection. 



II. FAILUIIB TO niTBBSBOT DIAGOHAL8 AHD CHOBDS OF 
OFJEN-WBBBBD QIBDKBS ON OBAVITT LUnBB. 

It is very seldom indeed that the designer even attempts to 
intersect at a single point all of the gravity lines of members 
assembling at an apex. The failure to do so involves lam 

secondary stresses, especially in the heavier members. By 
using connecting plates, it is always practicable to obtain a 
proper iut< rsection ; and it is always better to do this than to 
try to ooiiii*ensate for the eccentricity by the use of extra 
metal for the main members. 



m. FAUtUBB TO CONinSCT WJBEB AKaLfiB TO CHOBDB BT 

BOTH LBGB. 

Some standtu'd bridge spccitications stipulate that in case 
only one leg of an angle be connected, that leg only shall be 
counted as acting, although this stipulation is generally 
ignored by the designer working under such specification^. 
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It is seldom, indeed, that both legs arc connected. In order 
to settle the question of the necessity for this requirement, the 
anther has Imd made, in connection with his Northwestern 
Elevated work, a series of tests to destruction of fuli-hized 
meuibers of open-webbed girdera, attached ia the testing 
machine as nearly as practicable in the same way as they 
would be attached in tbe structure. It was intended to settle 
by these tests the following points : first, efFect of conneclins^ 
by one leg only ; second, effect of eccentric connection ; and, 
third, the ultimate strength of star struts with fixed ends, each 
of these struts beinir formed of two angles. As these tests are 
not yet finished, tlieii lesults cjuinot l)e given here. Tlie 
principal deduction to be made from the tests thus tar com- 
pleted is that an tqujil-legged angle riveted by one leg only 
will develop about 10% of the strength of tbe entire net 
section, while a 6" X 3^' angle riveted through the longer leg 
will develop about 90|. It is therefore more economical for 
short diagonals to use unequal-legged angles connected by 
the longer leg than to employ supplementary angles to try to 
develop the full strength of the piece. In fact, the experi- 
ments made up to dnte indicate that these f^npplementary 
angles will not streiJi;t hen the diagonal essentially. However, 
further experiments may show the contrary. 

IV. FAILURE TO IMK) PORTION TOF CHOilDB OF OPEN -WEBBED, 
LONGITUDINAL GIHDKUH TO RESIST BENDING FHOM W'UEEL 
LOADS IN ADDiTiU^ TO TUEIU DIIiECT COMriUs-tiSlVE 
8TKE88B8. 

This neglect is common enough in tbe older structures, and 
the fa\iU Is a serious one, altho\igh the stillness of the track 
rails and ilmi of the ties tend to distribute the load and thus 
reduce the bending. 

V. INSUFFICIENT iiKACIN(l ON CURVES. 

Too often in the older structures the curved portions of the 
line are no better braced than are the stniigliL j)ortion9. A 
substjintial system of lateral hi aciug on curves extending over 
the entire width of the structure and carried well into the tops 
of the columns adds greatlv to the rigidity of the structure, 
and, consequently, to the life of the metal-work. 

VI. TNBCWFICTEST BRACHCG BBTWBBK ACJAGBNT 
LOKOITUDINAL OIRDBBB. 

The function of tlie 1) racing between longitudinal girders Is 
aa important one, lur it is the lirst part of the nietal-work to 
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resist the sway of trains. Nut only should the top flanges of 
adjaceDt girders be coQuected by rigid lateral bracing, bui Ibo 
bottom flanges should be stayed by occasional crosa-braciDg 
frames, cue of the latter being invariatily used at each ex- 
pansion end of each track. 



VII. PIW-CONNECTED, PONY- TRUSS SPANS AND PLA.TB UlilI>£B& 
WITH U^STIFVfiNED TOP FIJUiOES. 

These defective Ci)iisirnctions are noticeable in some of the 
older lines, but, fortunately, not often in the newer. 

What the ultimate; resistance of the pony-truss structure is 
no man can tell without testing it to destruction ; but, in tbo 
opinion of most engineers, it is much less than it Is assumed to 
be by thoee designing pony-truss bridges. 



Tin. KZCBBB OF EXPANSION JOINTS. 

Too many expansion joints in an elevated railroad are nearly 
as bnd MS too few. In llie former case the metal is overstrained 
by the vibration induced by the lack of rigidity, while in the 
latter case it is overst?ained by extreme vai iatious of tem- 
perature. There are elevated roads in existence with expan- 
sion joints at every other bent, uud there is at least one with 
them at every bent. For long spans there should be expan- 
sion proyided at eveiy third bent, and for short spaas at eveiy 
fourth beat. 



IX. RESTING I.ONOTTTTDTNAL GIRDERS ON TOP OF CRORS- 
GIRDEHS WITUODT lUVSTINQ THEM £FF£CTIV£L¥ 
THERETO. 

This is by no means an uncommon dptail. especially in the 
older stniclures. It is conducive lu vibration, and its only 
advantages are ease of erection and a cheapening of the work 
by avoiding field»riveting. 



X. 0B0B8-GIBDBBS BUBJBCTBD TO HOBIZONTAL BENDING BT 

THRUST aw TRAINS. 

The resistance that ean be offered by a croM^rder to hori- 
zontal bending is very small ; nevertheless, eross-girders are 
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rarely pcotected from Uie besding effects of thrusts of trains. 
Wfiiit saves tliesp rro«s-p^ir(UTs from failure is the fact that 
cotiiinuity of tlie track teuds to distril)Ule the thrust over a 
number of bents. Nevertheless, it is uot legitimate to depend 
on this fact, for, especially on sharp curves, the teudency is to 
curry the thrust iiUo the ground as directly as possible. In the 
author's opinion, the only proper way to provide for this thrust 
is to ftssame that 20St of the greatest live load between two ad* 
jacent expaosioD poiota will act aa a horizontal thrust upon 
the columns between these two expansion points : and all parts 
of the metal-work should be proportioned to resist this Utrust 
properly 

l\y iiinning a strut from the top of each post diagonally to 
the longitudinal girder at a j^anel ]ioint of its sway-bracing, 
the horizontal thrust is cai ried directly to the post, and a hor- 
izontal bending moment on the cross-girder is Uuis prevented. 
Such const rucuon should isTariabljr be used where the cmdir 
tlons require it 



XI. ctrrriKG off colttmnb below the bottom of CBoa»- 

OIBDBB8 AKD RBSTlNe THB LATTBR THBBSOK. 

This style of construction, which until lately was almost 
universnl, is extremely faulty in that there is no rigidity in 
the connection, and the coiumu ia thus made more or less free- 
ended at tiie top. 

It has been said that no harm is done to the column by 
making it free-ended, as it can then spring better when the 
thrust Is applied. Unfortunately this reasoning is fallaciouSt 
because the few unlucky rivets which connect the bottom of 
the cross-girder to the top of the column tend to produce a 
fixed end, and are, in consequence, racked excessively by the 
thnist of the train. In all cases the column should extend to 
the top of {hp rTn<;s girder. jind should be riveted to it iu the 
most e£[ective manner practicable. 



3LII. PALTRY BllACKETS CONNECTIKG CliOSS-GlUDEllS TO 

COLUMNS. 

Btadietaare often seen composed of a couple of little angles 
attached at their ends b^ two or three rivets. Such brackets 
are merely an aggravation, and are sure to work loose sooner 

or later. Although it is impracticable to compute the stresses 
in this detail, good judgment will di(;tatc the use of solid- 
webbed brackets riveted rigidly to both cross-girder and col* 
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limn 90 a$ to BtMeo the latter and check the transrerae vibm* 
tion from passiog trains. 



Xm. PBOPOBTIONINO COLUHNB FOR DIBBCT LIVB AND 
DKAD L«>ADB AND JONORING THB EFFECTS OF BBNDIHQ 
CAT SED BY THRUST OF TRAINS AND LATERAL VIBRA- 

The practical effects of this fault cau be seen to best advnn 
tage by stuiuling on one of the lii^h platforms of one of tije 
elevated railrofuis of New York City. The vibration, by no 
means small, fioui an approaching train can be felt when ii is 
yet at a great distance. Some may claim that this vibration is 
not injurious; but they are certainly wrong, for what does it 
matter, so far as the stress in the column is concerned, whether 
the deflection be caused by vibration or by a statically applied 
transverse load, so long as the amount of the dellectiou is the 
same in both cases? It takes metal, and considerable of it, lo 
raake coluTiins stronf^ enouf^h to resist ben din i^: properly ; and 
a suMcieut amount should be used to altaiu thi& end. 



ZIY. OMISSION OF DIAPBRAGM WEB3 IN COLUMNS SUBJECTED 

TO BENDINO. 

If the diaphragm web be omitted in such a ooliunn, reliance 
must be placed ()n the lacing to carry the horizontal tlirust 
from top to bottom. But even if the lacing ti.mire strong 
enough to carry it, which is unusual, it is wrong to assume it 
so, for the reason thai one loose rivet couaecting the lacing* 
bars will prerent the whole system from acting, as will also a 
lacing-bar that is bent out of line. Decidedly every column 
that acts as a beam also should have solid webs at right angles 
to each other. 



ZY» INEFFBCrm ANCHOBAOBS* 

On account of both rigidity and strength, every column 
ought to be anchored so firmly to the pedestal that failure by 
overturning or i-upture would not occur in the neighborhood 
of the foot, if the bent were testeii to destruction. The llimsi- 
ness of the ordinary column- foot connection is beyond descrip- 
tion. 
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XYI. COLUMN FEET SURROUNDED BY A^D FILLED WITH 

DIRT AND MOISTURE. 

The condition of the avenn^ column-foot is simply deplor- 
able. This is caused by failiug to raise it so high above the 
street as to prevent dirt from piling around it, and by omitting 

to till its boxed spaces with concrete. When rusting at a 
columu-foot is ooce well started, it is almost impossible to 
stop it from eating up the metal rapidly. 

Xrn. INS17FFICIENT BASES FOB FBDB8TAL8* 

False ideas of economy on the part of projectors and indi- 
ference on the part of some unscrupulous contractors occasion- 
ally caujie the use of pedestal bases uliugLlher too small ior 
the loads that come upon them, especially where the bearing 
capacity of the soil is low. The result is sunken pedestals 
and cracked metal-work. In figuring the pressure on the 
base of the pedestals, it is not sumclent to recognize only the 
direct live and dead loads, but it is necessary also to compute 
the arlditional nnecum! intensities of loading caused by both 
longitudinal and transverse thrusts. 

Concerning the question of the extent to which the faults 
just outlined exist in the older elevated railroads of this 

country, the liuthor would refer the reader to the resume of 
discussions on his paper, and to the report of Mr. Hedrick 
which it contains. 

About the most important object to attain in constructing 
an elevated railroad is to have a perfectly smooth and durable 
track; and no trouble or expense should be spared to secure iU 
For this reason the top flanges of the loogitadioal girders, if 
the limiting heights of grade and clearance Hue permit, should 
be several iuches higher than those of the cross- girders, the 
ties should all be planed to exact dimensions tie-plates should 
be n^id over ail ties, and the system of bolting of floorinL^ to 
structure should be the most eifective possible. The longi- 
tudinal girders should not be made continuous, or even semi- 
c6ntinuous over the cross-girders, but, when blocking up is 
secessaiy, short buckled plates lAiould be placed over the 
latter so as to provide a continuous surface for the tiea Hook 
bolls with cold-pressed threads should be used for attaching 
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the timber to the metjU-work through each alternate tie, the 
other ties being bolted to the inner guard-rails. 

The ties should be spaced with openings not greater than 
n\x inches, their sectioa for a five-foot stringer being 6" X 
laid on ilat ; bat where cross-overs are employed, the depth 
should be properly increased to withstand the bending mo- 
ment due to the greatest load from the wheels. 

The least allowable overhead clearance for most cities is 
fonrtee!! feet ; but there are sometimes special crossings re- 
quiring a greater height. The width of right of way beyoud 
the centre line of the outer track should not be less than seven 
feet. The proper depths of longitudinal girders are to he 
determined yeiy carefully. For the sake of appearance it is 
generally not well to use more than one depth, but such 
an arrangement cannot always obtain. The general depth 
should, if possible, be the economic one for the average span 
length. For plate-girder si)aus it is abuul (me twelftli of the 
length, while for open - webbed, riveted spans it is much 
greater — so much greater, in fact, that for deck-spans the 
economic depth cannot be adopted, because of the raising of 
the grade which would be caused thereby. 

Before the designing of the metal-work for an elevated 
railroad is started there are certain important matters which 
should be fnlly determined, viz., the dimensions and weights 
of rolling stock, sizes unci number of traiii^^, method of trac- 
tion and the proper track to suit same, the locations of all sta> 
tions and their leading dimensions, the storage capacity for 
the terminals, the capacity of the repair*shops, and the method 
of operating the road. Unless all these questions be settled 
conclusively at the outset and before the designing is begun, 
trouble is sure to ensue because of changes that will have to 
be made from time to time during tlie course of construction. 

In designing elevnled railroads accordiyg to the specifica- 
tions given in this treatise, it must not be forgotten that the 
entire line is to be proportioned by the speoificatioas for rail* 
road bridges (Chapter XIV), while the stations are to he pro* 
portioned by the specifications for highway bridges (Chapter 
XVI). 
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Movable bridges may be divided into the following eight 
types : 



2. Double* lotaUng, eoatilerar draws. 

3. Pull-back draws. 

4. Counterweigh ted, bascule bridges. 

5. Rolling, bascule bridges. 

6. Jack-kuife or folding bridge 

7. Lift-bridges. 

8. Flottisg bridges. 

The ordinary rotating draws will be treated at length in the 
next chapter. 

Very few double, rotating, cantilever draws have yet been 
built ; in fact the author knows of but one, viz., that ovei* 
the canal at Cleveland, Ohio. A number of years ago the 
author bad occasion to figure on a large structure of this kind, 

but it was never built. 

The principai advantages of tbis type of structure are a 
wide waterway and the retreating of the span without serious 
injury when struck by a vessel before it is fully opened ; 
while its disadvantages are excessive fit st cost and the ulmost 
double cost of operating two Independent spans ; although, 
when electricity Is used as a motive power, both spans can be 
operated by one man by means of a submerged cable. 

This class of bridge consists of two draw-spans, differing 
■but little from tlie ordinary rotating draw, each resting iipon 
a pivot-i;^er and meeting at mid-chaunel» where they are 



1. Ordinary, rotating draws.. 
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locked together so as to make the adjoining ends deflect 
equally nud simultaneously. The other end of each draw is 
locked to the masonry of the outer rest-pier, which acts as an 
anchorage. It is not necessary to make the shore arms of the 
same length as the channel arms ; but if there be a difference, 
there must be compensating weight so aa to balance each 
span over the centre of the pivot-pier, and there must be a 
vet tical, close surface provided at the end of each short arm 
so as to equalize as well as possible the moments of the wind- 
pressure on the two arms. This class of bridge is probably 
?iot very rigid, but it can be made quite satisfactory and 
effective. 

The pulUback ditow is also a yeiy unusual type, and will 
always be bo, for the reason that the first cost is great and its 

operation is expensive. This type may be divided into two 
classes: first, structures with one span over the euLire opening; 
and, second, structures with two spans over the entire 
opening, meeting at mid-channel, as in the case of the double, 
rotating, cantilever draw. The first class requires a truss- 
bridge nearly, if not quite, twice as long as the width of chan* 
nel between pier centres, the bottom chords thereof running 
on two groups of rollers that travel just half as fast as the 
bridge when the span is moved longitudinally. Although the 
shore arm may be made shorter than the channel arm, still its 
weight must be such that its moment will be somewhat greater 
than the tipping moment of the weight of the channel arm just 
as it leaves the fariher pier. A disappearing platform will be 
required so as to leave space on the approach for the shore arm 
to move back, or else the whole bridge will have to be rotated 
slightly about a horizontal axis so that it can roll up onto the 
approach. Either method is very clumsy, and the operation 
of the bridge consequently must be slow. 

'I'hc double pull-back draw is similar to the single pull-back 
draw just described, except that the far end of each span has 
to be anchored down to a mass of masonry when the bridge is 
closed and ready for trailie, and the ends meeiic^ at mid-chan- 
nel must be locked together as in the case of 4he double, 
rotating, cantilever draw. 
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The author had occasiou several years ago to design a 
double, pulUtiack drawbridge; and although he certainly 
evolved a Blmcture that would work, he was far from satisfied 
with the design, so recommended another type of bridge for 
the crossing. 

There is described in the Engineering Record of July 31, 

1807, a double pail-kick draw, which Inis just becu completed 
over the River Dee at Qiieensferry, Scotlaud. It provides a 
clear opening of one hundred and twenty feet, and cost about 
$70,000. 

Bascule bridges are those in which a shallow deck is raised 
from a hori2X>ntal position to a yertical ot inclined one so as to 
let vessels pass. They may have either one or two leaves 
whose weight may be counterbalanced In various ways. When 

two leaves are used, they may be made to meet at mid-chan- 
' nel and form au arch, may rest on a central pier, miiy hang 
from a tower or from an overhead span, or may have hanging, 
hinged bents to rest on a submerged pier at the elevation of 
the bed of the channel. 

For spans requiring leaves not longer than seventy-five feet 
the bascule type of bridge is very satisfactory; but beyond 
that limit the first cost of the structure begins to get too high 
as compared with another type of equally satisfactory struc- 
ture, viz., the lift-bridge. Some bascule bridges, notably the 
Tower Bridge of Loudon, England, have an overhead spun to 
be used in connection with elevators by p)edestriaus when the 
lower deck is opened for the passage of vessels. The leaves 
of the Tower Bridge, which are each 113 feet long, do not 
raise quite to a vertical position, requiring oue and a half 
minutes to open and as much more to close under favorable 
conditions of wind and weather, and sometimes twice as long 
when the conditions are unfavorable, llic author has been 
told by au English gentleman resident in America, who made 
lately an investigation concerning the Tower Bridge, that the 
London people complain bitterly about the long time it takes 
to operate the structure. A lift-bridge similar to the Halsted 
Street Lift-bridge of Chicago, 111., could have been built 
instead, which would raise to full height In f roiji thirty to 
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forty-five secouds and lower again in tlie same time, A full 
description of the Tower Bridge is given in the l^oeeetUnga of 
the Institution of Civil Engineers, Vol. CXXVII, 

A good example of the rolling bascule bridge is the Van 
Buren Street Biidge at Chicago, 111., which structure is 
described in BhugineeHng Nem of Feb. 21, 1896. It consists 
of two leaves, each about seventy feet long, ending in a 
cylindrical surface that rolls on a plane provided with teeth 
which gear into the roller to prevent slipping. When the 
bridge is closed the short end of each arm is anchored down to 
the masonry so as to permit of its acting as a cantilever. 

Close alongside of this structui'e is the Metropolitan Elevated 
Railroad Company's fonr-track bridge, which is also of the 
rolling bascule type. This is divided into two irfmilar double- 
track bridges placed close together and opHsrated separately, 
so that, in case of accident to one bridge, the niilroad traffic 
may be diverted to the other, while the injured span is raised 
out of the way of the river traffic. 

It is seldom advisable to use a centre pier to rest the leaves 
of the bascule upon, on accoimt of the obstruction which it 
would offer to navigation. 

A submerged pier to receive the ends of the posts of hang- 
ing hinged bents has never been used, nor is it at all likely 
that it ever will hn, owing to the difficulties that would 
be encountered in operation, such as those from ice, tlrift- 
ing sand, changing currents, etc., all of which would tend 
to preveat the column-feet from taking pro[)cr bearing on the 
pier. 

Suspending the ends of the leaves from an overhead span, or 
tying them back to the tops of towers, is a perfectly feasible 
method, but is expensive and without advantage. 

There is a bascule bridge in Chicago which Is counter- 
weighted by four masses of cast iron in carriages that run upon 
curved surfaces ou the approaches, the curves being so figured 
that the varying load at the channel end of the leaf is at all 
times balanced by the varying tension on the cables which hold 
the counterweights. 

There is a similar structure on Michigan Avenue in Buffalo, 
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N. Y., which is desciibed in the Engineering liecord of Aug. 
21, 1897. 

Several years ago the author figured on a bndge of this type, 
but abaodooed the desigu because he deemed it inferior to 
several others which he prepared for the aauie crossing. 

An excellent type of bascule bridge is ibat of the Sixteenth 
Street Bridge oyer the Kenomfnee Canal at Milwaukee, Wis. 
It is desciibfd in Engineering News of ]yiarch 7, 1895. The 
peculiar feature of this desigu is that, duiinir motion, the 
centre of gravity of the mass travels iu a horizootul plane, 
thus reducing to zero the liftiog effort for the machiuery. 

A tempomry bascule of peculiar detail was used for several 
years at the crossing of the Harlem River on the New York 
Central and Hudson River Railroad. It is describe in the 
BaHroad Gcatette of June 10, 1893. The characteristic feature 
of this structure, wliich by the way is a rather clumsy con- 
trivance, is the picking up and dropping of small counter- 
weights while lowering or raising the span. 

There is a serious objection to all large bascule bridges, viz., 
the great surface opposed to the wind by the leaf or leaves 
when the bridge is being opened or closed. To ovmome this 
pressure powerful machinery has to be used ; and it is by no 
means improbable that even such machiuery will be stalled 
when a high wind prevails. 

The jack-knife or iuiding bridge is a type of structure which 
is nut at all likely to bpronie coiniuou. There have been only 
two or three of them built thus far, and they have been often 
out of order ; moreover, considering the size and weight of 
bridge, the machinery used is powerful and expensive. 
The load on the machineiy while either opening or closing the 
bridge is far from uniform, and the structure at times almost 
seems to groan from the hard labor. The characteristic feature 
of the jack-knife bridge is Ihe folding of the two bascule 
leaves at mid-length of same when the bridge is opened. The 
loose- jointed ness involved by this detail is by no means con- 
dncive to rigidity ; nevertheless these structures are stiHer 
than one would suppose from an examination of the drawings. 
The Canal Street Bridge, Chicago, is of this type ; and its 
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design is illustrated in Engineering News of December 14, 
1893. 

Lift-bridges on a small scale have been used for many years 
for crossings of canals, lifting only iiigk euougli to let tlie 
canaUboats pass beneatlu Tiiey have proved to be quite 
satisfactory and fairly economical in both first cost and 
operation, the method of the latter being usually man-power. 

No large structure of this type was ever built until 1898, 
when the author designed for the city of Chicago the South 
Halstcd Street Lift-bridge. This structure has been described 
in tht' [(rincipal engineering papers of America and Europe, 
and the author's description, written for the American Society 
of Civil Engineers, may be found in the Transdctions of that 
Society for January 1895, from which the following descrip- 
tion is taken : 

The bridge ronsists of a single, Pratt truss, through-span of 
loU ft., in seven equal panels, and having a truss depth of 
26 ft. between centres of cboid pins, so supported and con- 
structed as to permit of being lifted rertically to a height of 
165 ft. clear above mean low water. At its lowest position 
the clearance is about 15 ft., which is suflScient for tlie pas- 
sago of tugs when their smokestacks are lowered. The span 
differs from ordinary bridges only in having provisions for 
attaching the sustaining and hoisting cables, guide-rollers, 
etc., and in the inclination of the end posts, which are 
battered slightly, so as to bring their upper ends at the proi>er 
distance from the tower columns, and their lower ends in the 
required position on the piers. 

At each side of the river is a strong, thoroughly braced, 
steel tower» about 217 ft. high from the water to the top of 
tin liousing, exclusive of the flag-poles, carrying at its top 
four built-up steel and cast-iron sbcaves, 12 ft. m diameter, 
which turn on 12-in. axles. Over these sheaves pass the 1^-in. 
steel-wire ropes (32 in all) wliich sustain tlic span. Tbese 
ropes are double, i.e., two of them arc brought toL^etlier where 
the span is suspended, and the ends are fastened by clam|)s, 
while, where they attach to the counterweighls, they form a 
loop, which passes around a 15-in. wheel or pulley that acts as 
an equalizer in case the two adjacent ropes tend to stretch 
unequally. 

The counterweights, which are intended to just balance the 
weight of the span, consist of a number of horizontal cast-iron 
blocks about 10 x 12 in. iu section, and 8 ft. 7 in. long, 
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strung on adjustable wrought-iron rods tbat are attached to 

the ends of rockers, at Ibe middle of cMch of which is inseited 
the lo-in. equnli'/irvf}^ wiieel or pulley previously mentioned. 

The couuierweights run up and down in guide-frames built 
of 3-in. angles. 

The weight of the cables is coiinierbtilaiiced by that of 
wrought-iron chains, one end of each cliain beiug attached to the 
span and the other end to the counterweights, so that, what- 
ever may be the elevatioD of the span, there will always be 
the same combined weight of sustain Ing cables and chniu on 
one side of each main sheave as tliere is upon its other side. 

Between the lops of the opposite towers pass two shallow 
girders Iboroughly sway-braced to each other, niul riveted 
rigidly to said towers. The main function of these girders 
is to hold the tops of the towers in correct position ; btit in- 
cidentallv ihey serve to support the idlers of ihc operating 
ropes and to afford a footwfilk from tower to tower for the use 
of the bridge-tender. Adjustable pedestals under the rear legs 
of each tower provide for unequal settlement of the piers which 
support the tower columns. Each of these pedestals has an 
octagonal forged steel shaft, expanding into a sphere at one 
end, and into a cylinder wiili screw-threads nt the other. The 
ball end works in a sj^lierical socket on a pedestal, and the 
screw end works in a female screw Iq u casting which U very 
firmly attached to the boUom of tlie tower-leg. By turning 
the octagonal shaft, it is evident that the rear column will be 
lengthened or shoitened. The turning is accomplished by 
means of a special bar of great strength, which fits closely to 
the octagon at one end, and to the other end of which can be 
connected a block and tackle if necessary. These screw ad- 
just ments were n<eful in erecting the structure, but it is quite 
likely that they will never again be needed. But in cnse tliero 
is ever any tower af] just nient required, it will be found that 
the extra money sjtent on them will have been well expended. 

Kach tower consists of two vertieal legs, against which I lie 
roller-guides on the trusses bear, and two inclined rear legs. 
These legs are thoroughly biaced together on all four faces of 
the tower; and at each tier thereof there is a system of hori- 
zontal sway-bracing, which will prevent most effectively every 
tendency to distort the tower by torsion. 

At the tops of the towers there are four hydraulic buffers 
that Lii e capable of bringing the sptui to rest, wiihoiit jar, from 
Its greatest velocity, which was ussuuied to be 4 ft. per second; 
and there are four more of these buffers nttaehed beneath the 
span, one at each corner, to serve the same purpose. 

The span, with all that it carries, weighs about 290 tons, and 
the counterweights weigh, as nearly as may be, the same. As 
the cables and their counterbalancing chains weigh fully 20 
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tons, the total weight of the moving mass is almost exactly 600 
tons. 

Should the span and the counterweights become out of bal- 
ance on account of a mater or less amount of moisture, snow, 

dirt, etc., in and on the pavement and sidewalks, it can bead- 
justed by letting water into and out of ballast-tanks located 
beneath tlie floor; and, should this juljusttneut be insufficient, 
provision is m;ide for adding small weights to the counter- 
weights, or for placing such weights on the span. 

As the counterweights thus balance the weight of the span, 
nil the work which the machinery has to do is to overcome the 
friction, bend the wire ropes, and raise or lower any small un- 
balanced load that there may be. It has been designed* how- 
ever, to lift a considerable load of passengers in case of necea- 
sit}', although the structure is not intended for this purpose, 
and should never be so used to any great extent. 

The s]ian is steadied while in motion by rollers at the tops 
and boU(;iiis of the trusses. There are both transverse and 
longitudinal rollers, the former not touching tlie columns, un- 
less tliere is suliicituL wind-pressure to bring them to a bear- 
ing. The longitudinal rollers, though, are attached to springs, 
which press them against the columns at all times, and take 
up the expansion and contraction of the trusses. With the 
rollers removed, the bridge swings free of the columns ; and, 
since the attachments aie purposely made weak, the result of 
a vessel's strikin!!; the ])nMge with its hull will be to tear tlicm 
awny and swnng ilu? s|>;iii to one side. Should the rig^nnii of 
the vessel, however, strikf tlie span, the effect will be siiii})ly 
to break off the masts wuihouL injiny to the bridge. This lat- 
ter accident has happened once already, the result being cj^- 
actly what the author had predicted. There is a special ap- 
paratus, consisting ol a heavy square timber set on edge, 
trimmed on the rear to tit into a steel channel which rivets to 
the cantilever-brackets of tlie sidewalk, and faced with a 
6 X 6-in. heavy angle-iron, to act as a cutting edge. This 
detail is a very effective one fur destroying the masts and rig- 
gin of colliding vessels. 

The bridge is designed to carry a duiible-track street rail- 
way, vehicles, and foot-passengers. It has a clear roadway of 
d4 ft. between the counterweight guides in the towers, the 
narrowest part of the structure, and two cantllevered side- 
walks, each 7 ft. in the clear, the distance between central 
planes of trusses being 40 ft., and the extreme wUlth of sus- 
pended span 57 ft., except at the end panels, where it is 
increased gradually to ft. The roadway is covered with a 
wooden block j)avemenL 34 ft. wide between iruard-rails rest- 
ing on a 4 in. pine tloor, that in turn is supported by wooden 
shims which arc bolted to 15-in. I-beum stringers, spaced 



biyilizuu by GoOglc 



M0Yi3L£ BBIDGKS IK GENEBAL. 



Ill 



about 3 ft. 3 in. from centre to centre. Thoso stringers rivet 
lip to the webs of the iioor-beams, and In neutli them run 
diagonal angles, which rivet to the bottom llaiige of each 
stringer, and thus form a very efficient lower lateral system. 
The sidewalks are covered wiili 24n. pine planks, resting on 
8 X tft-in. pine joists spaced about 2 ft. from centre to centra 
The span is suspended at each of the four upper corners of 
the trusses by eight steel cables, which take hold of a pin by 
means of cast-steel clamps. This pin passes through two 
hanger plates which project above the truss, and are riveted 
very elle( tiv<*ly to the end post by means of the portnl j)lale- 
girder strut oa the inside and a special, short, cantilever girder 
on the outside. 

Each portal-girder carries near each end an iron-bound oak 
block to take up the blow from the hydraulic buffer, which 
bangs from the overhead girder between towers. Similar 
oak blocks are let into and project from the copings of the 
main piers to take up the blow from the hydraulic buffers 
that arc attached to the span. 

The ballast-tanks before alluded to, of which there are four 
in all, are built of steel plates properly stiffened, and have a 
capacity of about 19,UULl pounds, which is probaldy more than 
enough to set the bridge in motion, if it were ail an unbal- 
imced load. These tanks serve a double purpose, the first 
being simply to balance the bridge when it gets out of adjust* 
ment because of the varying load of moisture, etc., ou the 
span, and the second being to provide a<;[uick and efficient 
means of raising and lowering the span m case of a total 
breakdown of the machiuery. If, for instance, — which is 
highly improbable, — the operating ropes wltu broken aud 
had to be detached from their drums, by emptying all of tlie 
water out of the tanks the span could be made to lise. It 
could be lowered again by tiiiing them fiuui a reservoir 
which is placed on top of one of the towers and kept tilled 
with water at all times by means of a pump in the machinery- 
bouse. The water in all of these tanks can be kept from 
freezing, or the ice therein can be thawed at any time, by 
turning on steam from the machinery-room into the coils of 
pipe which they contain . 

Tlie operating mac]; i ncry is located in a room 37 X 53 ft., 
the opposite sides being parallel, but the adjacent sides being 
oblique to each other, the obliquity amount iug to about 12 
degrees. The placing of this machinery beneath the street 
was realljr forced ujion the author, who luid originaUy oon- 
templated using electrical machinery and putting it in a 
house in one of the towers. 

The arrangement of tlie operating machinery is as follows : 
Two 70-H.P. steam-engines communicate power to an 6-in. 
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horlsontal shaft carrying two 6-ft. spiral-groOTed, cast-iron 

drums, around which the |-in. steel-wire operatin*^ cables 
pass. As one of tlie lifiing-ropcs passes off the drum, the 
corresponding lowuriug-rope takes its place, and vice versa, 
the extreme hurizoutal tiavel being a little less than 12 in. 
Thus by turning the diuiiis in one direction the span is 
raised, and by turning them in the other direction the coun- 
terweights are raised, and the span consequently is lowered. 
When the span is at its lowest position, the full power of one 
engine can be turned on to pull up on the counterweights, 
thus throwing some dead load on the pedestals of the span, 
after which the drums can be locked. Before the bridge was 
completed the writer considered lh;it this would be necessary, 
in order to check vibration from rapidly passing vehicles ; but 
such has not proved to be the case, for the span is very rigid, 
and the amount of the vibration is not worth mentioning. It 
is possible, though, that In some other lift-bridges, where the 
ratio of live load to dead load is greater, this feature of opera- 
tion cannot be ignored. 

The engines are provided with friction-brakes that are 
always in actioii, except when the throttle h opened to move 
the span ; consequeutiy uo unexpected movement of the span 
is possible. 

The raising-ropes, after leaving the drums, pass out of the 
machinery-house to and beneath some 5-ft. idlers under the 
towers, thence up to the top of the north tower, where they • 
pass over some 4-ft. idlers and the main 12-ft. sheaves. Four 
of them here pass down to the north end of the span, and the 
other four rim across to the other tower over more idlers^ then 
down to the south end of the span. 

The lowering - ropes, nfter lenvInL; the drums in the 
machinery-room, pass under some idlers below the north 
tower, aud thence up to more idlers at the top of the tower. 
Four of them here pass dowu to the counterweights in the 
north tower, aud the other four run across, over intermediate 
idlers in the overhead bracing, to the main l^ft. sheaves of 
the south tower, then downward to the counterweights. 

In addition to the previously mentioned method of moving 
the span by the water-ballast, there is a man-power operating 
apparatus of simple* design in the machiiiery-liouse, which, 
when used alone, can raise and lower the span slowly in case 
the steam-jK)wer gives out, or more rapidly when combined 
with the water-ballast method. 

As the span nears its highest aud lowest positions, an auto- 
matic cut-off apparatus in the machinery-room shuts off the 
steam from the cylinders and thus prevents the hydraulic 
buffers from being overtaxed. 
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▲DYAHTAaBS OF IiIFT-BiaDOJES. 

The nflvfiT^agcs of lift-bridges in comparison with rotating 

drawbridges are tis follows : 

1st. Alift-bridge gives one wide channel for vessels instead 
of the two narrow ones ailorded by a centre-pivoted swing- 
bridge, 

2d. There are no land damages in the case of a Hft-bridge, 
as the whole airucture is confined to the width of the street 
These land damages in the case of some swlng*hridges 

amount to a large percentage of the total cost of structare. 

3d. Vessels can lie at the docks close to a lift-bridge, which 
they cannot do in the case of a swini^-bridge; consequently 
with the former the dock-front can he made available for a 
mucii greater length between streets than it can with the 
latter. 

4th. The time of operation for. a Hft*bridge is about 30^ 
less than that for a corresponding swing-bridge. 

The advantages of a lift- bridge in comparison with ahoscnle 
or a Jack-knife draw, both of these being supposed to be with- 
out a centre pier, are as follows : 

1st. The lift-bridge can be ni?idf^ of ati}- desired span, -^iiile . 
in the case of the others the span is uecesouniy quite limited 
in length. 

2d. A lift-bridge can be paved, while the others cannot. ^ 
3d. The lift-bridge is very much more rigid than any struc- 
tare composed of two or more partially or wholly independent 

garts, a feature characterfsiic of the jack-knife bridge or the 
ascule without a centre pier. 

4th. In a lift-bridge the operating machinery is much more 
simple ; and, in case that it should ever get out of order, the 
span can be raised or lowered either by unbalanciug, or by 
simple hand mechanism, or by both combined. 

If the author were to design another lift-bridge similar 
to the Halsted Street structure, and if he were given carte 
Hanche in the designlog, he would make the following im- 
proYements : 

1. Curve the rear columns aud arch the overhead girders at 
tops of towers, so as to improve the general appearance. 

2. Operate by electricity instead of by steam. 

i^. Place llie niaohiuery-house in one of the towers and 
dispense with the operating-house on the span, letting the 
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operator stand in a bow-window of the machinery-house so as 
to command a yiew of the river in both directions, 

4 Omit the water-tanks as an unnecessary precaution, and 
rely on the great capacity of the electric motors to overcome 

any temporary uubalancod loud. 

5. A simpler and less expensive adjustmeut at feet of rear 
columus. 

6 Ojist steel iustead of cast irou for all machinery. 

7. Catch the balancing chains in buckets placed on top of 
the span instead of hanging them to the counterweights. 

The author has designed a rather peculiar lift*bridge for a 
crossing of the Missouri River at Kansas City. Mo., at the 
site of the unfinished "Winner Bridge, the piers for which 
have been completed for over six years. The proposed super- 
structure will provide for two railway-tracks on each deck, a 
single-track wagouway outside of each truss below, and a 
footwalk outside of each wagon way. The perpendicular 
distance between central planes of trusses is to be thirty-two 
feet. 

The requirements of navigation will be provided for by 
means of a lifting deck in the second channel span from the 

Kansas City side, suspended from a Ihrough ovuiliuad span. 
This span will he supported on steel colunuis carried by the 
existing masoury piers, which will have to be cut down to 
about the elevation of standard high water» then rebuilt for 
two or three courses. At one end of the supporting span the 
vertical end posts are made fast to the bent posts below by 
means of a pin connection, but at the other end there is to be 
a nest of friction-rollers between the foot of each vertical end 
post and the top of the bent column beneath. These bents are 
to be stayed to the inclined end posts of the adjoining spans. 

The liftiiig deck will consist of four lines of railw'ay plate- 
girder stringers and four lines of open-webbed highway 
stringers, with an effective system of horizontal and vertical 
sway-bracing between the stringers of each pair, besides a 
very rigid lateral system attached to the lower flanges of all 
stringers. All of these stringers will rivet up against the webs 
of the cross-girders, the elevations of the upper surfaces of all 
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longitudinal and cross girders being the same, so as to permit 
of lunkiug the lony^itudinal girders continuous by uh uius of 
cover- plates. To permit of the use of similar cover phites for 
the bottom flanges of the longitudinal girders, the webs of the 
cross^girdeiB are to be slotted for theic passage^ and the 
wea]ceiied web sections are to be strengthened by means of 
angle-ivoQS. 

The cross -girders, wiilch ftre slig^itly fish-bellied, are to be 
riveted at their ends into li;iDgcrc>, each of which is composed 
of two twelve-inch I beams, the distance between the vertical 
axes of hangers being forty-one feet. Beyond the hangers will 
be cantilever brackets for canyiug the highway stringers, 
a»id brackets behig connected at top to the cross*girders by 
oover-plates and at the bottom by planed ends that will afford 
effective contact for the meeting flanges. 

At the top of each hanger Is a detail for connecting to the 
cables, and bcuejith iho same is placed a hydraulic buffer so 
arranged that, when the movabl<» declv is at ils lowest position, 
the live load thereon is carried by the hangers through the 
buffers to certain cantilever brackets, which project from the 
ends of the cross-girders of the supporting span. 

These cantilever brackets and the fish-bellying of floor- 
beams and stringei-s are the only peculiar features of the sup- 
porting span, with the exception of the vertical end posts and 
the imiisual sizes of all truss members. 

While (lie live load of the movable deck is carried through 
the hydraulic buffers to the bottom of the supporting span, 
the dead load passes by means of the wire cables to the top of 
said span. 

The lifting deck will be operated by electrical machinery 
located in the house at the middle of the top of the through 
or supporting span. The weight of the lifting deck, which 
amounts to about 1,850,000 pounds, is counterbalanced by cast- 
iron weigiits in groups, each about four feet long, four feet 
wide, and four foet six inches high, struug on tightly adjusted 
rods to hold them in position ; and is supported by one hun- 
dred and twelve steel-wire cables one and a quarter inches In 
diiuneter that pass over fif ly*8ix cast-iron sheaves five feet in 



Digitized by Google 



116 



I>£ POl^IIBUS. 



diameter. These sheayes are connected by tianmrse three* 
inch shafts and gearing to the central four and a half Inch 

shaft, which runs the whole length of the through span aud 
connects to the two one hundred horse- power electric motors 
in the machinery house. Either motor aloue is capable of 
operating the 1 i f t u n d er the most unf avomble conditions. Each 
sheave supports the two halves of a wire rope about one hun- 
dred and sixty-five feet long, the ends being run into sockets. 
This rope passes around a twelve-Inch equalizing-wheel 
attached to the counterweight suspender, so as. to adjust auy 
unequal stretch of the two h.-ilves of the rope. 

The hydraulic buffers previously described, thirty in num- 
ber, are used to briug the deck to rest at the lowest position of 
its travel, aud thirty more are employed for the same purpose 
at its highest position. 

In addition to the buffers there will be automatic, electric 
cut-offs to remove the power before the deck reaches either 
end of its travel, besides powerful brakes to britig the moving 
mass to rest quickly whenever the operator may so desire, atid 
always auiomaii ill hi ai the highest and iotoest paints of travel, 
in order to relieve the buffers. 

The main sheaves are five feet in diameter and five inches 
wide, with eight radial arms. They are each cast in one 
piece and keyed to a seven-inch steel axle, that rests on two 
pillow-blocks each eight inches long, fitted with bronze bear* 
ings. 

The pillow-blocks rest on short posts riveted into long 
transverse girders that rest on the top chords and cantilever 
out beyond them about tivf feet at each end. These posts 
are to be well braced lougitudiually. The supporting detail 
between the transverse girders and the top chords is such as to 
distribute the load properly over the latter. 

Thete will be at each of the four comers of the moving deck 
two rollers for transverse motion aud two for longitudinal 
motion, all acting on the faces of the columns that uphold the 
supporting span. The transverse rollers do not act unless 
there be sulhcient wind-pressure on the deck to move it 
laterally ; but the longitudinal rollers act whenever the deck 
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is moved, as they are hacked by spriugs tliat press them at all 
Uiues against the coiuiims. 

When the deck is at its lowest position it will be held 
ihmly to the piers, with a proper proTision for longitudinal 
expansion, in such a manner as to relieve entirely the guide- 
rollers from carrying the wind-pressure, so that they can act 
only when the deck is raised. 

The machiaery-house will be about twoniy-two feet square 
and fourteen feet high under the eaves, capped by a lume, 
and finishetl in nn ovnnnieulal style. The floor is to be of 
' I beams supporting a four-iuch plank floor. 

All main sheayes are to be covered with ornamental hous- 
iDgfl, and all gears are to be covered with small galvanissed- 
iron hinged housings. 

The velocity of the lifting deck will be limited to one 
foot per second by means of an automatic governor attached 
to the electrical inacLinery. The time requiieil to either raise 
or lower the deck the full height will therefore be at)out one 
miuutc. 

To provide for a possible breakdown of the electrical 
machinery, a nun -power apparatus will be employed, con- 
sisting of two capstans connected to the main shaft by means 
of gearing located In the machinery-house, and operated by 
levers working in horizontal planes. 

The uioviiig deck aud couuterweights will he balanced when 
the deck is at mid-height. On this account there will he a 
constant tendency to hold the deck from vertical motion at 
both ends of its travel^ because of the unbalanced weight of 
the wire cables. In one sense this will be a decided ad van* 
tage, but it will necessitate extra power to start the mass in 
motion. Again, the deck will be balanced for ordinary con* 
ditions of weather, but it Is probable that the weight will be 
increased by moisture, accumulaled dirt, etc. This, if it 
exist to a moderate extent, will be an advantage, in that it 
will tend to hold down the deck on the piers ; but, ns before, 
it will require increased power to start motion aud to operate. 
However, the amount of power available will be large enough 
to meet all conditions of loading and contingencies Should 
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the deck become lighter tliau the counterweights bj reason of 
the dryiug of the timber in the floor and screens, it will be 
necessary to add to its weight by loading it j but this coudi- 
tion is not likely to exist, for what weight is lost by drying 
will be f ally made up by aocumukted dirt in spite of all the 
precautions that may be taken to keep the floors clean. 

Whether this proposed structure will ever be built is prob- 
lematical, although there is a fair chance of its being finished 
douie day with luodificatious teuding to chc;q)eii the work. 
It would be a great satisfaction to the author to complete this 
bridge because of the novel design for the lifting deck. 

Floating dmws are a type of structure that cannot be recom- 
mended except as a temporary exiiedient. The author had 
occasion onoe to design one of them, but the neeessity for its 
use did not develops so it was not built The objectiona to 
floating draws are as follows : 

1, Trouble from rise and fall of water, necebsitatiug con- 
stant adjustments. 

2. The depression of the draw under the live load and the 
consequent changing of the grade. 

8. Possible disaster from injury by Use or diift* 
4 Trouble from leakage. 

6. Cliuttsiness of method of opening and dosing the draw. 
As there are no adyautages to offset these disadvantages, 

unless it be possibly a small saving in first cost of span, it 
is nut likely that there will Ixi luiich call for floating draws. 

In concluding this chnpter, it may be well to siiuimarize 
somewhat and indicate what kinds of draws should be used at 
▼arious crossings 

For streams bearing a moderate amount of tnlBc with cross- 
ings located in country districts or in unimportant cities^ 
rotating draws are the cheapest and consequently the most 
appropriate ; but for great liallic and for important cities 
bascule and lift bridges are the best, the former for spans up to 
about one hundred and fifty feet, and the latter for longer 
spans. The choice between the bascule and the lift for all 
doubtful esses should be determined simply by the question 
of first cost 
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CHAPTER X. 
BEVOLTINO DBAWBRIDQISB. 

Revolving draw-spans are required when bridges across 
navigable stieams are not bigli euougli above the water to 
providt' the proper vertical clearauce for passing vessels. 
Before taking up the discussion of dniw-spaus, it will be well 
to consider the relatiTe advantages and disadvaulages of bigb 
and k>w bridges for the crossiiig o€ soeb streams as tlie Mfa- 
sissippi, the Hiasouri, and the Arkansas rivm. 

As a rule, there is yery little difference in the first cost of 
a high and of a low bridge for such a crossing, what little 
there is being in favor of the latter and seldom amounting 
to more than ten per ceut. Each pier of a low bridge is 
cheaper than the corresponding pier of a high bridge ; but 
this saving is offset by the cost of the pivot-pier, which is 
^ra* The supeistmcture of a low biidge may be a trifle 
lighter than that of the correqx>uding high bridge, but the 
more expenslYe metal-work of the diuw<<span generally over* 
balances this. It is in the low, short tre^ approaches tbat 
the low britlge costs less tliMu the higli one. 

As these approaches are erenerally built of timber, they 
have to be renewed about once in every eight years, and the 
cost of renewal is a regular fixed charge, which lessens the 
annual net income from the bridge. 

Herein lies the superiority of the low bridge for such cross- 
ings. Nor is this its only advantage, for, by its adoption, there 
is generally avoided a considerable climb at each end of the 
structure. 

On the other hand, the low bridge involves some expense 
for operation, which is (piite an iniportaut matter when there 
is much river traffic, but which is of slight importance wheflr 
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the draw lias to be opened only a few times per season, as Ja 

the case with bridges over most Western navigable streams. 

Everything coiibidcicd, whenever there is any choice be- 
tween a high and a low bridge for the crossing of any impor- 
tant Western river, the author favors the low bridge, not so 
much because of its lower first cost, but on account of the 
smaller expense for maintenanoe. 

The different kinds of revolving draw-spans recommended 
are described in detail in Chapters XV and XYIL They 
may be operated in various ways, for instance by man-power, 
steam, cleclriciiy, gas or gasoline engines, or water. Wher- 
ever an unfailing supply of electricity is available, that source 
of power is the l)est and cheapest. Steam is appropriate for 
large, heavy draws where electricity is not available. Graa or 
gasoline engines are best suited for comparatively small spans in 
country districts ; and water-power can sometimes be employed 
to advantage where there is a fall of water near the bridge. 

It does not pay to use storage batteries for operating draw- 
bridges. Concerning this question the author feels that he 
can speak as an authority, for he once made the experiment, 
and it was a failure. For a while the machinery worked to 
perfection, but soon the batteries began to leak, and the leak- 
age gradually increased to such an extent that the batteries 
would not hold their charge for three consecutive days ; so 
the electrical power was given up, and the bridge has since 
been operated by hand. 

Gasoline engines, everything considered, are probably the 
best source of power for operating the average draw-span. 
Tbe author has lately designed some small draws to be oper- 
ated ihereby; but the machinery has not yet been installed, so 
he cannot report concerning how such engines act. 

In respect to the power required to operate draw-spaoSy the 
author uses an average of the BoUer formula, viz., 

0.0125 TKe 
^' - ^ ' 

where IV' = total load on rollers in pounds, and « =s velocity 
on pitch-circle of rack in feet per second. 
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The aufhor obtained a fine check on the oorrectnefls of this 
formula when testing the draw-span of bis Jefferson Oity 
highway bridge. This span of 440' weighs (^,000 pounds, 

aud was opeued by four mm in foin miuuLcs and fifty sec- 
onds. The power applied by the mea was measured by dy. 
Damoineters, and froiu the length of their path and from their 
pull the horse power was computed. It proved to be just a 
little less than unity, so near in fiict that it was called unity. 
The Telocity e was, on the arerage* 0,066 feet per second* 
Substituting in the formula gives 

H. P. = 0.0125 X 660,000 X 0.066 ^ 660 = 0.99. 

It is possible that, if the eicperiments were to be made again, 
a greater diTergence from the formula would be found, for 
the reason that the bridge is liable to work more easily after it 

has been operated a while. 

The computation of stresses inordinary draw-spans involves 
more or less ambiguity. The assumptions upon which the 
calculations are bused are the following : 

1. The truss-rods in the tower are so light that they cannot 
transfer any shear past the pivot-pier; consequently, with a 
live load on one arm only, the said arm acts entirely independ* 
ently of the other, thus making the draw for this loading con- 
'sist of two simple spans. 

2. For live load on both arms, the reactions arc to be found 
on the assumption that the draw is a continuous girder on 
four points of support, and by a formula based upon the 
Theorem of the Three Moments with a constant moment of 
inertia. 

Plate IX gives a diagram from which can be read at a 
glance the percentage values of the reactions for any balanced 
load placed anywhere on any span. It is perhaps theoretically 

not quite perfect, because the values of the reactions depend 
slightly upon the mtio of distance between the two middle 
points of supvH)ri to length of oue arm ; but any error nuide 
by assuming this ratio as constant for all drawbridges is a 



Digiii^cu L^y Google 



122 D£ 

bagatelle campefed wiUi the erxore otnued hy \\ip oCher 
asBumptloiis. 

Oftttdidly, tbe author has Httie faith in evea the ap- 
proximate correclness of the ordiDary methods of conipuliiig 
live-loud stresses in dnu\ spans ; nor has he much more in tbe 
superrefioed methods iuvolviug the principle of least work, 
or stretching of the ditferent tmss members, or the principle 
of the Three MomenU with varying momeiits of Inertia. In 
his opinion, then is but one fiatisfaotor j method of ascertain- 
ing the reactions for both balanced and unbalanced loads, 
▼iz., by making large models of a namber of spans 6f various 
Itijgths, and weigbii;:^ Llierewiik liie reactions for all kinds of 
loading. From a series of experiments of this kind there 
could be prepared a diagram or diagrams, similar to that 
shown on Plate IX, which would give approzitnateiy correct 
reactions for all spans and all loadings. Such an iovestigation 
would require considerable time and money; but if some 
professor of civil engineering would undertake to make the 
experiments, he could undoubtedly get tbe models built free 
of charge by dividing up the work among several of the lead- 
ing bridge-manufacturing companies. The results of such 
experiments would be of great value to both the engiueeriug 
profession and the railroads of America. 

In finding dead-load stresses in draw-spans, it is customary 
to assume that the draw is open. The auUior follows this 
method, but also assumes an upward reaction from the lifting' 
machinery at the ends, and finds the stresses therefrom ; then, 
when any such stress tends to increase the section of any 
member, it is considered, but, when it tends to decrease the 
section, it is ignored. This method certainly is liable to 
involve errors on the side of safety ; but they will tend to off- 
set some possible erroi s on the side of danger due to the method 
employed in finding the Uve-load stresses. 

There will be no attempt made in this treatise to illustrate 
the detailmg of draw-spans and their operating machineiy. 
There is a little work on "The Designing of Draw-spans,** 
by Charles H. Wright, C.E., which attempts to cover this 
gruuud, and to which the reader is referred lor detailing of 
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dmwbridge machinery. Unfoitiiiiately^ thoi^h, the sealeB 
used for the drawings are generally too small to make the 

illustratioDS satisfactory. 

AltbougU, as just stated, the author has do ioteution of 
trying to cover here the subject of detailiug of the machinery, 
there are a lew detaiU wiiicU it will be well for Mm to touch 
upon in a general way, among others the qucstioii of rim- 
bearing wnu» centre-bearing turntables. The author ia 
decidedly in favor of the former because of the greater 
stability inyolved when the load is carried near the exterior 
of the pier. Turntables that divide the load between the rim 
autl centre are not to bo recommended, because the division 
is always more or less ambiguous. Tlie load should always 
be distributed as uuiformly as possible over the eutire drum 
and among the roUeis, and to do this care should be used in 
designing the girders over the drum so that they wiU haTe not 
only the necessary strength, but also the proper comparative 
rigidities. The greater the number of points of support the 
more evenly will the load be distributed to the drum and roll- 
ers; and the deeper the drum the better the distribution. 
Now as an extra foot of depth of drum cobts much less than 
one foot of height of pivot-pier, it stands to reason that it is 
always better, whenever practicable, to make the drum much 
deeper than the calculations for strength and stiffness demand. 
The only reason for not adopting in every case an excessive 
depth is that so doing might place the rollers below the level 
of high water, and thus render the span liable to injury from 
drift, anil llie machiuery to being blocked by au accumululioa 
of mud under and between the wheels. 

"When the vertical distance between high water and the 
lowest part of bottom chord is small, the liHigitudiual and 
cross girders can be placed with their bottom flanges flush with 
the lower surface of the bottom chords, and the drum can be 
built inside of the box thus formed, so that its bottom flange 
angles shall be flush with the bottoms of the said girders. Or, 
if the vertical clearance be great enough to permit it, the box 
may rest on the drum at either four ox eight points. 

As a rule, drum diameters are made too great for economy. 
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for many designen think it necessary to rest the tower posts 

directly over the drum, thus making the dinmeter of the latter 
about forty per cent greater than the side of the square, upon 
the corners of which are located the aw^ of tower columns. 
Other designers make the sides of the square intersect the 
circle of the drum so as to divide the hitter into eight equal 
parts^ thus making the diameter of the drum about eight per 
cent greater than the side of the square. 

The author of late years has been taking the diameter of the 
drum equal lo the side of the square, and has obtained eight 
points of support by inserting four small girders in the corners 
of the .square, at anj^les of forty-five degrees with it^ sides. 
As the cost of a pivot-pier varies very nearly as the square of 
its diameter, it follows that this method of designing the drum 
effects a great saving in cost of both drum and pier. Occa- 
sionally it will give a pier of very small diameter in com* 
parison with the length of the draw-span. The remedy for 
this, provided the pier have the requisite stability against over- 
turning, is not to increase the pier diameter but to anchor the 
draw-span to the pier in such a manner as not lo interfere with 
the turning, but so as to oiler an effective resistance to any 
tendency to lift the span oH its support. 

In the case of the Jefferson City liighway bridge, the 
length of the draw-span is four hundred and forty feet, while 
the diameter of the drum is twenty-two feet— the same as 
the perpendicular distance between central planes of trusses. 
Such a ratio of span leugtli to drum diameter is too great for 
safety in case of a strong lifting wind acting on one arm only, 
for such an uplift would have to amount to only twelve and a 
half pounds per square foot of floor in order to throw the span 
off the pier. It was therefore necessary to anchor the span 
to the pier by means of a long four-inch bolt iwssing through 
a wide, heavy casting which is embedded In the concrete, and 
projecting at the upper end between two beams and through 
a saddle and a heavy washer-plate. The nut on the anchor- 
bolt is turned down so as nearly but not quite to touch the 
said washer-plate, thus causing no obstruction to turning the 
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draw, but making the anchomge always ready to lefllst the 

slightest tendency to lift the span. 

The ]hiiiling latio of length of span to diameter of dnim 
that can be employed without using a central anchorage can not 
well be determiacd by rule» but must always be left to the 
judgment of the designer. It might suffice, perhaps, to 
specify that, wheaeyer the uplift on one arm only necessary 
to upset the draw is less than twenty i)ounds per square foot 
of lioor in situations exposed lo high wind pressure, or le?8 
than tifleeu poands in olhei situations, au anchoruge shali be 
adopted. 

In tlie case of three draw-spans, -which the author has 
designed lately for the Kansas City, Pittsburg, and Gulf 
Railroad Company, the span length is two hundred and 
twenty-five feet, and the diameter of the drum is only 
seventeen feet ; nevertheless no central anchorage was used. 
In these bridges the open floor reduces the uplift, and the 
sitiuuioiis uic not such tiiai iLc spans will be exposed to 
abaoi iimlly high wind-pressures. 

Heavy draw-spans should be operated by two or more 
pi u ions, and when these are placed, as they should be, diago- 
nally oppoaite each other, some kind of apparatus ought to be 
used to equalize the pressure on the pinions, otherwise both 
the latter and the rack are liable to have their teeth broken. 
The reason for this is that it is impossible to make the toothing 
of the rack so perfect in the distance of tlie semi-circumfeieiico 
that opposite pinions operated by a sinLrle shaft sliall at all 
times act equally. Wheu electrical luachinery is used, the 
equalizing can be done by means of duplicate motors ; but 
with other machinery some kind of mechanical equalizer 
should be employed. The author several years ago designed 
one for the East Omaha draw, which worked to perfection. 
It was made by cutting the engine-shaft and attaching to each 
end a bevel-gear wheel. Tliese bevel-gear wheels engage 
with two small pinions which are inserted between the spokes 
of a large spur-wheel that turns loosely on the engine-shaft. 
If we assume the pressures on the main rack pinions on each 
aide of the drum to be constantly equal to each other, th$ two 
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halves of the eogf oe^diaf t will always have the same angular 

velocity ; but in case the pressure on the tesCh of the two 
rack-ptnioDs on one side of the drum should fall below that 

on those of the two rack-pinions on the other side, the spur- 
wheel will move slightly on the shaft until ilie rack-pinions 
receive equal pressure ac^nin. By this apparatus equal pressure 
on the teeth of riick and pinioofi is at ail times insured. The 
author was convinced of the necessity for such a device bj 
watching it when the span was being turned ; for several 
times during each quarter rotation the little pinions on the 
spur-wheel would make a sudden movement of such magni- 
tnde as to indicate a considerable variation in the spacing of 
the rack -teeth. 

lu ilesiguiug draw-spans with high towers, especially long, 
double-track ones, tliere is an important matter that is some- 
times over1(K>ked, viz., the tendency of the end of the unloaded 
arm to rise when a moving load is on the other arm. For 
single-track bridges the only harm that this would do would 
be to pound the end bearings ; but for a double-track bridge 
it would certainly some time cause a serious disaster by the 
derailment of an oncoming train when the other track on the 
other arm is covered by another train. Before designing liie 
520-ft. draw-span for the Easi Omaha bridgt*, Ihe author 
looke<i up this matter as well as he could, having heard of 
trouble being experienced from risiug ends on a double-track 
draw-span but little shorter than the one then contemplated. 
The results of the investigation were rather contradictory, so 
the design was made with three features tiiat were conducive 
to resist the raising of the ends, viz., extra-deep trusses at both 
inner and ouLcr hips ; stiflf, continuously riveted top chords 
between these points ; and an end-lifting apparatus capable of 
raising the ends one and a half inches. This was the best at 
that time which the author could do to avoid the difficulty ; 
but at the same time he figured upon using later a holding- 
down apparatus in case the necessity for same should ever 
arise. As explained in Chapter XII, this span has at present 
only a singletrack at the middle, and the highway cantllevered 
floors arc not yet put on. Observation proves that, with cue 
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MID londed hy a traf a and the otiier arn empty, there was no 

rising of the ends when the ktterwere properly supported. 
A late inspection showed that the timber cribs, Avhir h m e used 
as a temporary svipi^ort for the ends of llio diiiw, had so 
shrunk vertically ou account of the seasoning of tiie timber, 
that the end rollers barely touched their bearings, so the latter 
will have to be shimmed up. This condition of the ends 
afforded an axoellent opportunity to observe the rise with one 
arm only loaded by an engine and enough cars to cover the 
said arm. The amount ohserved was three eighths of an inch. 
From this it may be conclmled th it with masonry piers and 
the completed superstructure', aiul with a hoist of one and a 
half inches by the lifting gear, thei^ is uo chance for the ends 
to rise from their bearings ; for, to cause such a rise, it would 
take a live load just four times as large as the test load, which 
is moze than eould be plsced on the double-track railway, 
wagon ways, and footwalks. Had the bridge been built with 
shallow trusses and with eye-bars in a portion of the top 
chords between outer and inner hips, as was the similar bridge 
which was reported as iriviiig trouble from nsin_<^ ends, it is 
pro!) able that similar dithculty would have been found in this 
structure. 

Some engineers may think that, because each spsn of a draw 
Is figured as an independent spsn for unbalanced live loads, 
on the assumption that the longitudinal tower rods are bo 

small as to carry no vertical shear past the drum, there should 
be no tendency for the end of one arm to rise when the other 
arm is loaded ; but such is tiot the case, as the tendency would 
. exist if there were no longitudinal tower rods at all. The 
rising of one end is evidently due to the lowering of the inner 
hip of the other span and tiie consequent pull of the inclined 
» top-chord eye-bars. Now imagine two cables attached to the 
top of the tower (which is stIU assumed to be without longi- 
tudiual rods), and running to drums on the shore. When 
these cables are strained sufficiently, the far end of the draw 
will rise : and under these condiiiuu.s there will be no vertical 
shear whatsoever in the tower panel of the truss. As far a^. 
▼ertical shear in this panel Is concern ed, the conditions for the 
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case of the strained cables and for the siDgle-loaded ami are 
identical, hence it is proved that one end of a draw can rise 
when the other arm is loaded and when the lotigitudiDal tower 
braciug is iucapable of canyiDg uuy vertical shear past the 
pivot-pier, 

Iq erecting draw-spans, some method of adjustment must be 
provided so as to bring the ends to the correct elevation. For 
oomparativelj short spans^ say up to ^ or even 2d0 feet» 
groups of thin plates on top of piers will suffice* as the grade 
can be adjusted by dapping the ties or joists ; but for longer 
spans there will be needed in addition to this method an 
adjustineut in each of the bottom chords by the iuseitioti of 
several thin transverse plates in the panels next to the (Imm. 

The tops of all pivot-piers sliouUl be so designed to dniin 
thoroughly by pitching the upper surface from the centre 
towards the periphery, and by providing at the latter weeping 
pipes that pass below the lower*trBck segments. 

In laige» heavy drawbridges all parts of the turntable and 
machinery should be made much heavier than the correspond* 
ing parts for smaller structures, even if there be no theoretical 
reason therefor ; becanse the tendency in the past has been to 
design all portions of the niachiuery for the exact amounts of 
work that they are assumed to do, which method gives for 
many pieces sizes entirely inadequate for some renditions of 
stress to which they are likely to be subjected^ The propor- 
tioning of turntables and machinery for draw-spans is a matter 
involving good judgment and experience in operation rather 
than intricate mathematical calculations. 

The author desires to call attention to the necessity for. 
making all man-power machinery extra strong ; because, if 
there be anything wrong with the apparatus wiiich prevents it 
from operating properly, the men are liable to crowd upon the 
levers wherever they can find room, and then surge thereon to 
their utmost capacity. It was only a short time ago that in 
operating the East Omaha draw by hand two sets of six or 
seven men on each of the two four-armed levera failed to start 
the span in motion. Immediately upon finding the unexpected 
resistance, they all stepped buck a few feet tuid threw them* 
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flelves with full force upon the levera. the lesolt bdog the 
same as before. The nutbor stopped this instantly, and upon 

investigaliuu fuiind thai Lhc two sets of men were workiug 
agaiDst each oiher, so by stnrting one set iu the oi'posite 
direction the span was readily put in motion. This example 
is given to show how ignorant workmen will abuse machiueiy, 
and the consequent necessity for making nuui*power apparatus 
extra strong, notwithstanding all the opposition that may be 
offered thereto by bridge BMurafacturera. It is thought that 
the method of proportioning such apparatus, which is specified 
in Chapici XV, will develop ample strength, mom especially 
OS the specifications prohibit the use of cast-irou gears. 

As fi (IruwVii idge is a piece of mfichinery, it will require a 
certain amount of care, for otherwise it will get out of order 
and give trouble just at the wrong time. It should be opened 
at least once a month, and all parts which move on other parts, 
especially the wheels and tracks, should be kept clean and 
well lubricated. The lower rolling surface for the wheels 
should be kept free from all obstructions, and the wheels 
should be maintained in proper adjustment by means of the 
spider rods. The operating machinery also should receive 
due care and attention* 
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CHAPTER XI. 

HiaHWAY BSIDGES. 

Some ten years ago the author wrote and published a pam- 
phlet entitled ''Qeneral Specifications for Highway Bridges 
of Iron and Steel," the object of which was to effect a much- 
needed improvement iu the designing and building of high- 
way bridges. Thron<rh the Engineers* Club of Kunsas City, 
•at tliaL linie a flourishing society, but now, alas! defunct, the 
pamphlet was placed in the haud^ of a great number of 
bridge engineers throughout the country, with a request that 
they discuss it for publication. Many of them complied, and 
their discussions were published in the Journal of the Associ- 
ation of Engineering Societies for November 1888. Soon 
afterwards the first edition of the pamphlet was exhausted, so 
the author issued a second edition, revised and enlarged, and 
iu( ( rji ir;it( d Iherein most of the said discussions. Now, al- 
though both editions were circulated widely among county 
commissioners, and although the author's specifications re- 
ceived the general indorsement of the civil-engineering pro- 
fession, the effect of the pamphlet on the methods of bridge- 
building has been practically nil; for we continue to read in 
nearly every issue of Engifuering News accounts of highway- 
bridge failures, many of them accompanied by loss of life. 

In truth, the number of higiiway bridge failures is on the 
increase. This is undoubtedly partially due to the greater 
number of such structures la existence ; but it is also due con- 
siderably to the reckless manner in which highway bridges 
continue to be designed and built, owing to the rapacity of 
the builders, the ignorance and dishonesty of the commission . 
eTB» and the low moral state into which the designers of high- 
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way bridges have fallen. So low la that atnte tliat, even when 

given all the metal they oould use and a big price for same^ it 
is lioiibtful whether a sinprle one of tlieiii could evolve a stnic- 
iuiv scientifically designed throughout. 

Decidedly, nothing can be done for highway- bridge build- 
iog through county commissioners, because they are both too 
ignorant and too corrupt. Kothing but the strong arm of the 
law will ever reach them ; and the only way to force them to 
build even decently strong structures is to make county com- 
missioners criminally liable for all injuries to persons and 
pecuniarily liable for all injuries to property due to fiiilurefi 
of county bridges built during their tenure of office. Of 
course, if the commissioners could prove th?it \hvy had taken 
all possible precautions by having the structure designed by a 
specialist of established reputation, built by a good manufac* 
tnring company, and inspected by fiitrt-class inspectors during 
both manufacture and erection, they would be able to relieve 
themselves from the responsibility ; but if they were to do 
all this no bridge failure could occur, or at least the chances 
for such occurrence would be extremely small. Some such 
method as this for placing the responsibility for bridge dis- 
asters upon county commissioners will be established by law 
some day, perhaps in the not very distant future ; and the 
sooner the better. 

As matten stand now. each new bridge, horror stirs up the 
indignation of the populace, which vows that this time the 
guilty parties sliall be brought to punishment ; but the inves- 
tigation generally drags, personal influence is brought to bear, 
money is often used judiciously, and the result is that nobody 
is held responsible, and the disaster is soon forgotten. 

If each state were to adopt standard specifications for high- 
way bridges, and if there were a proper officer appointed to 
see that the counties live up to them, much good would be 
accomplished. 

The second edition of the author's pamphlet on highway 

bridges is now exhausted , but no third edition will ])e issued, 
for the rciison that le jeu n*en vaut pas la cJiatidelle. There 
will be given, however, in Chapters XVI, XVII, and XVIII 
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ol tkis book complete qiMofflcatioat f or the dteigDiag el 

way bridges of all kinde; eoosequeDtly Ibb tieatlee vamy be 
said (o replace the pamphlet tbnt ft now oat ol print. 

There is considerable diHerence, though, between the old 
specilicaliuiis and the new, d\je to two reasons, viz., fir.sl, 
there hare been great advances made iu bridge-buiiding iu 
tbe last eight years ; aad, second, the author has concluded 
to abandon the attempt to conciliate tboee wbo dteire to bntkl 
cheap ttrnetuvesy so has cot out Cbua D from his apecifica* 
tionsv and baa atreagthened np ami improved the other 
**cla89e»" in serenil particulars, notably by ndsfng tbe miei* 
mum thickaess of metal fiom cue (quarter to live sixteeatha 
of aij inch. 

The weights of bridges designed according to the new 
specifieatious will be somewhat greater than those designed 
according to the old ones, bnt tbe stroctnrea will be cone* 
spoodingl/ better, Kofeorer, tbe new spccificalioBS will be 
found to be more rational, sdentttc and generally aallsfac- 
tory than tbe old ones, especially in tbe ftfattrre of impact 
allowance. It must be remembered that the author does not 
claim that the formula whirli he specifies for impat t will pro- 
vide exactly for the greatest possible impact on all parts of nil 
highway bridges ; but be does think that it will always be 
great enough, and he knows that any structure in the dtsign 
of which it is used, and which Is proportioned by the spedfi* 
eatioM of this treatise, will be wdl Mid pi-operly designed in 
OTery part. 
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CHAPTER Xn. 
CX)S[BIN£D BRIDGES* 

As a rule, bWdges for canyiug both ndlwny and h^hway 
traffic are located in or near large citfes, ahhoogb an occa- 
sional structure of this kind is found in country districts. 
The principal advantage of this type of bridge is the saying 

ill first cost, and its principfil disadvantage is a reluctance 
to cross over it on the part of timid drivers, whose horses 
may be frightened by the trains. 

The saving in first cost of a combined railway and highway 
liridge as compared with two separate bridges for railway 
and highway traffic Is considerable ; because the piers for -the 
combined bridge are but little. If any, more expensive than 
those for the railway bridge, and because the extra metal for 
the superstructure of the former in comparison with that of 
the latter is very much less in weight than the weight of 
metal required for a separate highway bridge. 

The prejudice against combined bridges on account of 
danger is almost wholly unfounded, for horses soon become 
accustomed to railway trains, and, when screens are em- 
ployed to hide the latter, but little trouble is experienced -on 
account of frightened horses. These screens may he made 
either slatted or close, the former offering less r^stanee to 
the wind, and the latter being the clieaper. 

The advent of the electric railway has some w hut compli- 
cated tlie (iuestifni of d('si^n;!iiiig combined bruliirs, for now it 
is often necessary to accommodate three or four kinds of 
traffic, viz., railway, electric, wagon, and pedestrian. 

When a highway structure has to carry a single-track elec- 
tric line in addition to the ordinary highway travel^ the 
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author classes it simply as a highway bridge, for It !s seldom 
necessary to strengthen it materially, b(M-jLU«3e of the electric- 
railway load, except in the floor aod primary truss members. 
But if a structure has to carry either a single or double track 
electric railroad only, the author treats it aa a railroad bridge. 

Combined bridges may be divided Into the following 
classes: 

1. Structures having a single deck for all kinds of traffic, 
tlie railway occupying the centre of the bridge, aud the elec- 
tric railway lying close to one truss. 

2. Structures having a single* track railway at the middle* 
a narrow footwalk on each side of same inside of the trusses^ 
and cantilever brackets outside of the latter to carry wagon- 
ways and electric lines. This arrangement may be varied by 
running the electric cars over the main railway track, thus 
leaving the wings free for wagon trafBc. 

3. Structures having a double-track railway inside of the 
tnisses, with loug cantilever brackets outside carrying wagons 
and electric lines next to the trusses, and pedestrians outside. 
This arrangement may be varied, as in Case 2, by canying the 
electric trains on either one or both of the main railway tracks. 

4. Structures having a double-track railway inside of the 
trusses, with short, cantilever brackets for wagoo and electric- 
railway traffic outside, and either a single passageway over- 
head at the middle for pedestrians, or two j^assagewnys for 
same on overhend brackets uuLsideof the trusses. As before, 
this arrangeuieut may be moditied by ruuniug the electric 
trains over the main railway tracks. 

5. Double-deck structures carrying railway trains on one 
deck and wagons, electric tmins, and pedestrians on the other. 
The pedestrians may be accommodated either inside the 
trusses or, preferably, by exterior walks on cantilever brack- 
ets. The railway nuiy be placed either abov* or below to 
suit the existing conditions, or there may be cither a single- 
track or a double-track railway both above and below, with 
wagon-ways and pedestrian-ways outside of the trusses either 
above or below. 

Class Na 1 is the cheapest poadble kiod of combined bridge« 
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and at the same time the mobl uusiaisfiictory, for when a 
railroad train is about to pass over the bridii^e all ^vngou and 
electric-railway travel must be kept oil, aud because pedes- 
triao9 must look out sharply for their safety when on the 
stroctiure wilb a railway train croesiiig. Thek danger is 
leaUj greater, though, when an electric train is passing a team 
or teams. Hie least allowable dear width of bridge for this 
class of structure is twenty feet, the electric cars running on 
a Ihiid rail and on one of the rails of the main railway. The 
author hns built a large bndi:^^' of this rlass, and it has never 
given any trouble from the combined trai^c, which, however. 
Is, up to the present, rather light. 

Class Ko, 2 is a yety satisfactory type of structure. The 
author has designed and built several bridges of this kind, the 
largest of which is the Combination Bridge Company's bridge 
over the Missouri River at Sioux City, Iowa. It consists of 
two draw-spans of 470 feet each and two fixed spans of 500 
feet each, the distance between central planes of trusses being 
twenty -five feet. 

Class No. 8 is also a satisfactory type of structure. The 
author has built a large bridge of this class, viz., the one 
across the Missouri River at East Omaha, Nebraska. This 
class of structure involves very heavy .metal-work ; but it is 
not uneconomical. 

Class No. 4 is an unusual type, and is not likely lo be called 
for very often, although the author once had occasion to figure 
on a bridge of this kind. 

Class No. 5 is a very good combination that can be modified 
to suit nearly any conditions of combined traffic. 

A good example of this is the design described in Chapter 
IX for the Kansas City and Atlantic Railway Company's 
proposed bridge over the Missouri lUver at Kiuisas City, 3Io. 

The East Omalia Bridge just referred to allonls an excellent 
example of how lo keep down the lirsL cost of a struclure and 
yet build it so that it can be enlarged later after the business 
develops. The design for the final structure involves a draw- 
span pf 520 feet and a fixed span of 560 feet, carrying a double 
track railway between the trusses, a combined wagonway and 
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electric railway outside of each truss, and a pedestriaQ-way 
outside of eacli wacfoo-way, the bridge crossing the river at 
right angles ; while the present structure cousists of the 620- 
foot draW'Spaa, without the wings, and three smgle track 
combination spans of 192 feet each, all the pielB except tiie 
pftvot-pier b^g tniiit of pita and ffmber, and tlie^MM Ami 
of stractnie makiug an angle of elifren degrees Wffli tke MAt^e 
fine of the #Da1 bridge. Tbe deck •carries a tAttg^e mftway 
track at tbe middle and au electric line by means of a thiid 
rail to one side. All four classes of travel use this deck. Tbe 
only portion of the existing structure that is really finished 
is the pivot-pier, which consists of a double steel cylinder 
forty feet in diameter sunk by open dredging to be(jhrock» 
which lies one hundred and twenty-lwo iPeel below eztraae 
low water. The completion of tbe draw*span will be a very 
simple matter, consisting merdy of adding the cavtilerer 
brackets with their stringers and flooring and laying the 
electric- railway rails thereon. The remaining piers for the 
final structure cnn all ho put in, and the fixed ppnn can then 
be placed on them without, interrupting traffic, because of the 
deflection downstream of the present temporary stniolino. 
When the new bridge is completed^allthat it willbenecessaiy 
to do to to TOtate the draw eleven degcees, so that %he tnffle 
may be transferred thereto. Afterwards the old pik pifots and 
the combination spans can be removed at pleasure. 

In designing combined bridges of nil classes except No. 1, 
a considerable economy of metal may l>e effeeto<i leiritinmtely 
b}' keeping the total live load as low as is proper with r^jfereuc^ 
to the theory o£ probabilities. For instance, in Class Ko. 
the live load for trusses can be determined by adding to the 
equivalent uniform IIto load, given in the diagram on Plale 
III or Plate IV» a much smaller highway toor load pear lineal 
foot of span than that prescribed in the specffleattons for 
highway bridges, because when tiie greatest tniin load is on 
the bridge, tbe chances of having a heavy highway liv^e load 
are very small. The longer the span the smaller may tbe live 
load per square foot of Hoor be taken wliea fading the total 
live load for the trusses* 
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Again, in Classes No. 3 and No. 4 it would be legilimate to 
take the live loati p>er lineal foot fur ihe liiihvay equal to twice 
the car load ]>ei hueal tooi, and add thereto a smail lii^bway 
live load as iu tiie last case. 

lilnall/. Id Class No. 5 it would be proper for a foar*ti«ck 
bridge to make the live Umd (or the trtiases equel to four 
times the car load per lineal foo^ and Ignore entirely the 
highway live load ; for the greatest combined Uto load would 
never amonnt to four times the car load. Tbis was tlie 
method pursued by the auliior in detei rniaing the live load 
for the trusses of the proposed Kaustia City and AUantic 
Bail way Company's bridge referred to in Chapler IX. 
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CHAPTER Xin. 

DETAIUNG. 

* 

It is only within a few years that much attention has been 
given to detailing by bridge engineeTs, the old custom having 
been for the engineer to figure the diagram of streases, or, as 
it was then called, the strain-sheet, and pass it over to a drafts- 
man (too often a cheap one) to make therefrom the working 
drawings of the bridge, using probably some old drawings of 
anotlier bridge as n guide for the detailing. Conceruiug the 
evil effects of suck a course of action the eugioeer who does 
muchinspectionof existing structurescan speak authoritatively. 
If questioned upon the subject; any such engineer will say 
that nearly all bridges which fail or which are condemned and 
removed, are deficient in strength of details rather than in 
strength of main members. 

Some years ago the author had occasion to examine and 
report upon nearly all the bridges on two hundred miles of the 
main line of an important Western road, with the result that 
he found it necessary to condemn almost all of them. A few 
have since been repaired, but most of them have been taken 
out and replaced. In most of these condemned structures the 
detailing was so faulty that the bridges were gradually racking 
to pieces, and no amount of patchwork would have made 
them really serviceable. It is true that the main members were 
considerably overstraineti by reason of the increase in rolling 
loads, but had the details beeu first-class the structures would 
have been standing to-day. 

Just here it may be well to mention that the inspection of 
these bridges caused the author to establish for himself the 
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following priDciple, which, as it does not pertain to bridge- 
designing, is not given in Ciiapterll: **In nine cases out of 
ten the proper way to strengllieo a weak bridge is to take it 
out and replace it with a good ouq, throwing the old metal 
into the scrap heap." 

In railway-bridge designing* for a number of years, the 
average ratio of weight of details to weight of main members 
has been gradually increasing; and the end is not yet, because 
the average bridge-designer has still a great deal to learn con- 
cernini^ the importance of good and ctlicient detailing. As 
lons^ as c(>!itract«^ for bridges are awarded to bridge compauies 
on competitive designs, and the structures are paid for by the 
lump sum instead of by the pound, just so long will the 
science of detailing be ignored, and just so long will bridges 
be built which will eventually wear out, simply for want of a 
little more metal distributed just where it is needed, viz., in 
the details. 

The author feels that he cannot speak too forcibly concern- 
ing the importance of thoroughly scientific detailing for all 
kinds of metal- work; for what avails it that a strurtnre have an 
excess of section in every main member, if a single important 
detail be lacking in strength ? If the author were in a position 
where he had to cat down the weight of a structure even as 
much as thirty per cent, he would unhesitatingly take the 
metal almost entirely out of the sections of the main members 
and leave the detailing practically unchanged. A structure 
thus desiofncd would long oulliist one of liki same type in 
which Hie weic^ht of the details and that of the main members 
were reduced in the stimc proportion. 

A few years ago the standard text- books on bridges ignored 
entirely the subject of detailing. Later they have taken cog- 
nizance of it by illustrating certain details in common use, both 
good and bad (generally the latter), but have failed to state the 
fundamental principles that should govern the designing of all 
details. These general underlying principles and complete 
instruct ions as to how to detail scientifically the author has 
endeavored to give in Chapters II, XTV, XV, XYT, and XYIT 
of this work. The bridge designer, by studying these chapters 
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carefully, masterini^ all of their contents, and, Tvlnle making' 
his drawings, applying the principles therein given, will be 
able to e^ve structures tbal, to say the letat, will be a great 
ImpmyemeDt o& theavemse atraetuie in eommoii use. 
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CHAPTER XrV. 

GSKBRAL SFBCIFICATIOIIB GOyERMIKO THE PE8 W NI1IK I OF 
8TBBL BAIUIOAD BRIDGES AND TIADUOTS JlMD THB 
AOTUffBRQCIUBB OF SLBVAnD &AILB0AI1B» 

amrsBAii dxsbcsbiftioh. 

MATERIALS. 

All parts of the stroolure, except ties, foot-plauks, and 
gimrd-timbers, bhull, for all spans of ordinary lengths, be of 
medium steel, excepiiog only that rivets and bolts nre to be of 
soft steel, ivud adjustiiblc members of either soft steel or 
wrought iron. For very long spans high steel may be used 
for top chords* iocliaed end posts, pins, e3'e-bar8 in bottom 
chords, and those In main diagonals of panels where there Is 
no reversion of stress when impact is included. It majr he 
used aUo for the web-memhers of cantilever and anchor arms 
in cantilever bridges where the varijitiou of stress is com- 
paratively small und where the impact cannot be great. Ex- 
cepting for purely oruameiUal work, cast iron will not be 
allowed to be used iu the supeiBtructure of any bridge, 
tresUe, or elevated railroad* cast steel being employed 
vrlierever important castings are necessary. 

CROSS-TIES, POOT-PLANKB, AKD GUARD-TIMBERS. 

Cross-ties, ft)ot-planks, ami guard tirnlx is sliall ])e of 1(uil^- 
leaf. Southern yellow pine or other limber which, iu the 
opiRioil of the Engineer, is equally good and serviceable. 
The wooden floor shall be so designed aa to ensure safety from 
passing UahM for the laibroed employees. The spaces between 
tics shall, in general, not be lets than five (5) inches nor more 
than six (6) inches wide. The sizes of ties shall be such as 
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to give tlie requialte resistance to bending, uoder the assump- 
tion that the load on one pair of wheels is distributed equally 
over three ties, the effect of impact being considered. No tie 
shall be less than seveu (7) or preferably eii^bt (8) inches wide, 

nor less than six (6) inches deep, nor less thuu ten (10) feet 
lou^, except in the case of elevated railroads, where the length 
may be reduced to eight (8) feet for a spacing of five (5) feet 
between central planes of longitudinal girders. 

Ties shall be dapped to a full and even bearing not less than 
one-half (i) inch onto the stringem ; and each alternate tie 
shall be secured thereto at each end by a three-quarter (|) inch 
hook- bolt. 

All timber bolts shall be of soft steel, with cold-pressed 
threads. 

Outer guard- timbers shall be 6" X 8" laid on flat, dapped 
one (1) inch onto the ties, and i)laced so that their inner faces 
shall be just twelve (12) inches from the gauge-planes of rails. 
Where inner guard-timbers are employed, they shall be 
X B" on flat, dapped one (1) inch onto the ties, and placed so 
that their outer faces shall be just five (5) inches from the 

guuge-planes of rails. 

Each guard-rail must be bolted to each alternate tie by a 
three (quarter (J) inrli .screw-bolt, the head of which shall be 
countersunk into the wood by means of a cup shuped washer. 
Each guard- timber must be spliced over a tie with a half-and- 
half joint of at leaist six (6) inches lap, through which must 
pass a tbree-'quarter ()) inch screw-bolt. 

Guard-timbers shall extend over all piers and abutments. 

Steel rails or heavy steel angles well fastened to the ties may 
be snbjstiluted for the inner wooden guard-rails, or the inner 
guards may be omitted altogether if the Engineer so direct. 

KERAILING APPARATUS. 

At each end of every bridge or trestle, there is to be placed a 
rerailiug apparatus that will, in the most effective manner 
practicable, return to the track any derailed car or locomotive 
that is not more than half the width of track gauge out of 
line. 
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JSCCKLBD»TUlTB floobs. 

If the Engineer so desire, a buckled-plate floor with ties in 
ballast may be used instead of the wooden floor. In which case 
the size of the ties may be reduced to 6" X 8" X 8". 

All buckled-plate floors must be thoroughly drained so as 

not to retain water, and the upper surface of the buckled plate 
must be protected from rustiug by a liberal use of the best 
obtainable preserratiye coating. 

♦ 

SUP£K£Xi£VATIQN ON CUJaY£6. 

On curves the outer rail will be elevated the proper amount 
for the degree of curvature and for the assumed medium 
velocity of trains ; and this elevation must be framed into ties, 
as no shims will be allowable nnywhei-e under ties or rails, ex- 
cepting in the case of very sharp curves requiring a superele- 
vation exceeding three (3) inches in five (5) feet, on which 
long shimming timbers are to be bolted to the top flanges of 
the outer longitudinal girders, or short, substantial ones to 
tops of lies, so as to give the required superelevation. 

The formula to be used for total superelevation on standard- 
gauge roads is 

„ 0.3277 F« 
-B?=^g • 

where E is the total superelevation in feet of the exterior rail 

above the interior mil, F is the assumed velocity of train in 
miles per hour, and li is the radius of the curve in feet. The 
total superelevation is to be obtained by depressing the inner 
rail and elevating the outer one equal amounts, thus preserving 
the grade of the centre line. 

SFACIKO OF STBINGBBfi, GIBDBBS, AMD TRACKS. 

In general, stringers for through bridges shall be spaced 
eight (8) feet centres for single track bridges and six (6) feet 
six (6) inches for double- track bridges and half- through plate- 
girder bridges. In elevated railroads the spacing of the longi* 
tudinal girders may be made as small as five (5) feet centres. 

Deck plate-girders may be spaced from six (6) feet to ten (10) 
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feet centres, the usual distance being tbe nearest even foot to 
one teotli (y^) of the span; but in high treslles thfi spodog 
shall, preferably, be leu (10) feet, ajid never leu tbaD eight (8) 
feet. 

ThQ standard distance between centres of tracks on tangent 
for surface railroads shall be thirteen (13) feet, while for ele- 
vated railroads it shall generally he twelve (12) feet. 
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From centre to centre of through trusses the perpendicular 
distance shall not be less ibau seveuteeu (17) feet, or one 
twentietli (^) of the span length. 

From centre to centre of deck» pin-cooneeted. or rivoted 
tnissea the peipendiouiar distance shall no| be less *^f r\ ten 
(10) feet or one thlr- 
leeath(^) of tbe span 
length, except in tbe 
case of elevated rail- 
roads, where open- 
webbed, riveted gir- 
ders are adopted. 
These may be spaced 
according to the direc- 
tions given for plate 
girders. 

CLEARANCES. 

The clear ofMning 
oatangeBtdiall not be 
less than that shown 

in Fig. 7. 

On curved 
track, the 
horizontal 




FM. 7. 



dialance from the centre of track to cleamnce line shall be 
incwftsed at all points two (2) inchea for each degree of 
curvattire^ 
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BFFECTIYfi L£NGTHB. 

EffectiTe lengths sliall be as follows : 

For pin-connected spans, the effective length shall be the 

distance between ceutres of eud-piiis of trusses. 

For riveted girders^ it shall be the distance between centres 
of bearing-plates. 

For stringers, it shall be the distance between centres of 
cross-girder webs. 

For cioss-girden, il ghall be the perpendicular distance be- 
tween central planes of trusses. 

For columns and posts, it shall be the greatest length be- 
twecu points of axis that are rigidly held iu tlie direclioii iu 
which the streDi^th is bei ug considered. 

These elleciive lengtlis are to be used in calculating nu>> 
xnents^ stresses, and working strengths. 

BFFKCTiVK DBPTHB. * 

EfTective depths shall be as follows : 

For pin-connected trusses^ the perpendicular distance be« 
tween gravity lines of chords, which lines must pass through 
centres of pins. 

For plate-girders and open-webbed riveted girders, tlic per- 
pendicular distance between centrelines of gravity of upper 
and lower fljinpres; but never to exceed the depth from out 
to out of flange angles. 

fBTTIAB OF BRIBGS8 FOB VARIOUS 8FAK LKNOTH8. 

For spans under flfteen (15) feet, rolled I beams. 
For spans between fifteen (15) feet and eighty-five (85) feet, 
plate girders. 

For spans between eigbty-iive (S5) feet and one hundred and 

twenty-five (125) feet, **A" truss, pin-connected spans, or riv- 
eted, o|Hjn-webbed girders of single cancellation. 

For s])aiis bt'twpen one hundred and twenty-five (125) feet 
and one hundred and seventy-five (176) feet, riveted, open- 
webbed girders of single cancellation, or pin-connected trusses 
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designed with speciiil r^fereim e«Veme rigidity in all 

parts. 

For spans exccediiifr one hundred and seventy-five (175) 
feet, pin-connected spmjs. 

The use of pouy-truss bridges of any kind is prohibited, 
excepting only half-through, plate-girder spans, in which the 
top flanges are held rigidly in place hy brackets riveted to 
cro88-girdei8 that are spaced geoenilly not to exceed flfleen 
(16) feet apart. 

In general, double-track bridges shall have only two trusses, 

iu order to avoid spreading the tracks. 

FOBMS OF TRUSSES. 

The forms of trusses to be used are as follows t 

For pin-connected spnns up to one hundred aad tWAftt^ 
five (125) feet, the "A" truss. 

For open-wehbed, riveted girdeis, the Warren or triangular 
girder with verticals dividing the panels of the top chords; 
also the Pmtt trass. 

For deck-spans having top chords supporting wooden ties, 
the Warren or triangular girder with verticals dividing the 
panels of tlie top chords. 

Fur spans between oue hundred and twenty five (125) feet 
and about two hundred and tifty (250) feet, Pratt trusses with 
top chords either straight or polygonal, 

For spans exceeding two hundred and fifty (200) feet, Petit 
trasses. 

It is understood that these limiting lengths are not fixed ab- 
solutely, as the best limits will Tary somewhat withth)^ num- 
ber of tracks and wt:ight of trains. 

MAIN MEMBERS OF TUUSS-BUIDGES. 

All spans of every kind thtM have^ end floor-beams, riveted 

rigidly to the trusses or girders, for supporting the stringei-s. 
Strinirers arc to be riveted to the webs of the cros^-ixirders. 
In general, all trusses shall have main end posts inclined. 
Aii trusses shall be so designed as to admit of accurate 
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cateiftktiMi aU stiMMii* Moeiilbi^ on^ such mtepoTlitit 
«aa«i ol avdlBiiguiiiOr ^ UiTolvad by uai^i^ two 41ag* 
OMk In a middle paael. 

All lateral bracing and other sway-braeiug shall be rigid 
both above and below, i.e., the sections must be capable of 

resisting coiiii)ressiou, adjustable rods for such brncing being 
allowed only iu towers ot draw-8|vuia C^d Ui lower lateral sys* 
tenis of deck-bridges. 

The stiff dia^onak oil lower k(eml ayeieoM^ iihlcli aball be 
of double cancellation* shall be riveted rigidly to the string- 
ers where they cross tbeini» so as to transfer in an eftectiye 
manner the thrust of braked trains to the truss-posts without 

causing ;i horizontal beudiug on \hii cross-girders. 

All through-spans shall have stiif portal bracing at each 
end, connected rigidly to the inclined end i)osts. The said 
portal bracing shall be made as deep as the specified dear head* 
room will allow. 

Wiisii the height of the traaaea is gieat enough to permit it, 
these shell be used at each panel potat a rigid braeing fnune 
Fireted to the top lateral strut and to the posts, and carried 
dowu to the clearance line. Wlien the truss depth is not 
great enongh for this detail, t^onier brackets of proper size, 
strength, and rigidit}' are to be riveted between tiie posts and 
the upper lateral struts. 

Deoh-bridgcs shall have stiff, diagonal braces between Oigigo^ 
site Tertical posts» which bracing, as a natter of precaution, 
shall have sufficient strength to carry one half of a panel-truss 
live load with its impact alloweace ; and the transverse bracing 
between the vertical or inclined posts at each end shall be 
sufficiently strong to trniisinii properly to the masonr}' one 
half of the wind-pressure and centrifugal load (if thorp be 
any) which is carried by the entire upper lateral system of the 
span. 

The lower lateral systems of deck-bridges shall be made of 
adjustable rods in alteraete panels, thus leaving every other 
pau^ unbraced* and forcing the wind -pressure from below up 
the vertical l»adng sad to the ends of the span by the upper 

lateral system. 
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Suspenders or hip verticals and two or more iMmel kngtbs 
of bottom chord at each end of each span shal1» preferably, be 

made rigid members, excepting that in " A trusses the bottom 
chords }iud centre verticals are to be of eye-bars. 

All lioor- beams are to be riveted to the truss-posts in truss- 
spans, excepting in the case of Petit trusses when the suspend-' 
ers 9Te of eye-bars. In these, Hoor^beam hangers may be 
used, provided they be made of plates or shapes, and that they 
be stayed at their upper ends against all possibility of rotation. 

COimNT70U8 SPANS. 

Except ill the oise of swing-bridges or cantilevers, consecu- 
tive spans are not to be made continuous over the points of 
support. 

TliliSTLE TOWERS. 

As a general rule, each trestle-bent shall be composed of 

two columns battered from one and a half (IJ) to two and a 
half (21) inches to the foot, the bents being uniied in pnirs to 
form towers. Ench tower thus fornietl shall be thoroughly 
braced with rigid bracing on all four faces, and shall have 
four horizontal struts at the base. In each intermediate hori- 
zontal plane of divisioo, formed by the panels of the tower 
bracing, there is to be a pair of diagonal adjustable rods to 
bring the columns into proper position and to retain them 
there. 

The feet of the columns must be attached to anchorages 
capable of resisting twice the greatest possible uplifting ; and 
the details of the meial-work connecting the anchor-rods to 
the cohimns must be such as to make the metal-work and 
pedestals act as a single piece, so that, if tested to destruction 
by overturning, the beat would not fail between the super- 
structure and the substructure. 

While it is desirable to have sufficient base to prevent any 
tension from coming on the anchor-bolts, it is not advisable 
on this account to make the batter of the columns too great, 
especially in very high trestles. 



Digitized by Google 



OBNIBAL DBSCBimON. 



149 



When ttesUc-bcnts become unduly wide, a vertical column 
is to be placed in id way between the k'c:s so as to divide up 
the transverse and horizontal sway- bracing. 

Care must be taken to provide properly for expansion and 
conliactioQ at oolumn feet both tiansTersely and longitudinally. 

In elevated raiboadfiiy tbe towers can be placed at about 
every fourth span or» eay, every one hundred and fifty feeC» 
or can be dispensed with altogether, wben the ooodltionB so 
require, by strengthening the columns properly to resist 
tiaction, thrust of braked trains, aud the longiludiual compo- 
ueut of diagonal wind-pressure. 

ADJUSTABLE HBMBER8. 

It is preferable to avoid altogether the use of adjustable 
members In trusses, as well as in sway-bracing. If the struc- 
ture must be made as cheap as possible, adjustable counters 
may be employed ; but it is advisable to confine their use, as 
before stated, to diagonals in towers of swing-spans and in 
lower lateral systems of deck-bridges. 

CAMBER. 

All trusses must be provided with such a camber that, with 
the heaviest live load on the span, the total camber shall never 
be quite taken out by detiection. With parallel chords, suffi- 
cient camber will be obtained by making the top-chord sections 
longer than the corresponding bottom-chord sections by one 
eighth (I) of an inch for each ten (10) feet of length. One 
half of the camber after a span is swung is to be taken out of 
tbe track by dapping the ties, unless this would cut too deeply 
into the timber. 

Plate girders aud shallow, open-webbed, riveted girders 
should not be given any camber. 

BXFAKSION. 

Every span must be piovidcd with some means of longitud- 
inal expansion and contraction due to changes of temperature 
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of«r a range of one tandrad and €fty (150) degreca MIMq- 

lieit. 

Spans up to eigliiy-five (8.")) t>et in IcDgth, or in eeitaiu 
oases up to even oue hundred (100) feet, may slide on planed 
surfaces; but those of greater leaglli must avove ou nests of 
tumad rollers^ Occasionally a rocker and is penaissible; tmt 
this method of expamdoa is ahmya to be ai^ad If praetl'- 
caUa. 

▲NCHOEAGS. 

Every span must be anchored at each end to the pier or 
abutment in such a manner as to prevent the slightest Interal 
motion, but so as not toinierfere with the longitudinal nioiion 
of the trusses or girders due to changes of temperature or 
taading. 

NAMB-^PLATBS. 

The names of the designer, manufacturer, and builder ol 
erevy bridge or trestle^ also the date of erectiODt must be al* 
tached thereto in a promineat positioii and ki a durable Biaa* 
, ner, 

liOADS. 

The loads lo be considered iu designing bridges^ trebles, 
and elevated railroads ai'e the foUou iug , and all parts of same 

are to be i)roportioned to sustain properly the greatest stresses 
produced thereby fur all posiiible combinations of the varioua 
loads. 

A. Live Load. 

B. Impact Allowance Load. 

C. Dead Load. 

D. Direct Wind Load. 

E. Indirect Wind Load, or Transferred Load* 

F. Traction Load. 

G Centrifugal Load. 

H. Effects of Changes of Temperature. 

In calculating the stresses caused by a uniform moTing 
load, the load shall be assumed to cover the {lanel In adtance 
af the panel point considered; but the half*panel load going 
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to tlie lonrand panel point wiU be ignored; or, fn toclier words, 
the unlforfii load will be treated as if coacentruted at the 

various piuiel poiots. 

In deck-spun> on sbarp curves, after the centre curve for 
each rail and the ceutre liues of the longitudinnl girders are 
laid out, the approximate extra live load ou the outer girder 
due to the projectlou of tiie csnreof the mil beyond its centre 
line near mid-span is to be computed and added to the regular 
live load; bat the corresponding excess of dead load froln the 
flooring, being smnll, is to be ignored. As the superelovutTon 
provides for an eqiial distribuiion of the live load oa the rails 
for the assumed medium velocity of trains, theie will he au 
excess of live load ou the outer girder due to the velocity be- 
ing sometimes greater than this; but the said exoess is so 
small that it is to be ignored. 

The excess of live load on the iauer girder, due to the ve- 
locity of train being sometimes less than that assumed for de- 
termining the superelevation, is offset by the reduced load 
due to the projeclion of the centre line of the rail ncir mid- 
spaa beyond the centre line of the gii'der; so it also is to be 
ignored* 

LITE LOAM 

The live load to be used in designhig «ny railroad stmcture 
vliail be taken ffom the ^'Compromise Standaitl System of 

Live Loads for Railway Bridges and the Equivalents for 
Same," which is given iu Chapter XIX and io Plaicb I, II, 
III, and IV. 

In single-track bridges but one of the seven classes of load- 
ing given can be used for any span; but in bridges having 
Ininre Hissi one track two or three classes of toadtng can 
be used in the same span, if so desired by the Engineer: for 
fManee, Clam W «o«iid be adopted for stringers, Class X for 
cross-girders, and Class Y for trusses, thus utilizing the Uieory 
of probabilities. 

The equivalent live loads given on the diagrams are to b© 
used instead of the actual wheel concentrations. 

£\0r elevttted railroods the live loads are generally to be very 
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much lighter than that of Class Z of the Ck>mpromi8e Stand* 
ard System; but the said loads will have to be determined for 
each individual system of eleyated railroad* so as to provide 

for the greatest train load that can ever come upon the struc- 
ture, but iur uo more. 

IMPAOT ALLOWAiaCE LOAD. 

The impact allowance load is to be a percentage of the 
equivalent uniform live load, found by the formula 

40000 

where Pis the percentage and L the length in feet of span or 
' portion of span that is covered by the live load, when the 
member considered is subjected to its maximum stress. 

i 

DEAD LOAD. ^ 

The dead load is to include the weight of all the metal and 

wood iii the structure, excepting tii;it of those portions resting 
directly on the abutments, whose w tights do not affect the 
stresses in the trusses; also any other permanent load that may 
be carried bv the structure. 

The following unit weights are to be assumed in estimating 
the dead load : 

. Creosoted lumber four and one-half (4|) pounds per foot 
board measure. 

Oak and other hard woods four imd a quarter (4J) pounds 
per foot board measure. 

Yellow pine three and three-quarters (^i) pounds per foot 
board measure. 

White pine and other soft woods two and three-quarters (df) 
pounds per foot board mieasure. 

Bails and thehr fastenings, sixty (60) pounds per lineal foci 
per track. 

Two thirds (-|) of the dead load shall be assumed to be con- 
centrated at the panel points of the lower chords in through- 
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Ixrkiges and at those of tlie upper clioid« In deck-bridges; and 
one third (|) of the dead load at the panel pobts of the upper 
chords in thioagh-bridges and at those of the lower chords in 
deck-bridges. 

If Id any bridge design the dead load assumed should differ 
from that computed from the diagram of sections and the 
detail drawings by an amount exceeding one (1) per cent of 
the sum of the equivalent live load and actual dead load, the 
calculations of stresses, etc*, are to be made over with a new 
assumed dead load. 

WIND LOADS. 

For railroad bridges tlie wind loads per lineal foot of span 
for both the loaded and the uuloaded chords are to be taken 
from the turves given iu Plate VII. 

The wind loads for the loaded chords include a pressure of 
three hundred (300) pounds per lineal foot on the train, the 
centre of which pressure is applied at a height of eight (8) feet 
above the base of rail. 

For determining the requisite anchorage for a loaded struc- 
ture, the ti aiu of empty cars shall be assumed to weigh one 
thousand (1000) pounds per lineal foot. 

In trestle tower?? the columns and tran«iverse bracing shall 
be proportioned to resist the following wind-pressures in 
addition to all other loads. 

1st. When the structure is loaded, four hundred and fifty 
(460) pounds per lineal foot on stringers and cars, and two 
hundred and fifty pounds for each vertical foot of eadi 
entire tower. 

2d. When the sliucLure is empty, three liundred and fifty 
(35u) pounds per lineal foot on stringers, assumed to be con- 
centrated one foot above the centre of stringer, and three 
hundred and fifty (350) pounds for each vertical foot of each 
entire tower. 

The wind loads for longitudinal bracing are to be taken as 
seven tenths (0.7) of those for the transverse bracing. 

In figuring greatest tension on columns and nnchor«l>o1ts, 

compulalious are to be made for both the loaded and the uii. 
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loaded Btructm, In AotMe-ttnA tmtles phwiiig'tlie Mfa ^ 
«tnpty cars oa leeWMrd track. 
AH iriod loads are to ^ treated as moving loa^ 

INPIRECT WINB LOAD OR TRANSFERRED LOAD. 

For both through and deck spans, evea with polygonal top 
chords, the transferred load is to be assumed to produce a 

tension iu tku leeward bottom chord that is constant from end 
to end of span, and a similar release of tension on the wind- 
ward bottom chord. For tnihses with parallel chords this 
assumption is correct, provided that all the wind-pressure 
^ravels direcUy toends of span by the horizontal bracing; while 
for trusses witli polygonal top chords the assumption is a com- 
promise, the travel of wind-pressuve being ambiguous. The 
transferred load at one pedestal is to be found by multiplying 
one half of the total wind load on the top chord by the average 
truss depth nnd dividing the product by the perpendicular 
distance between central planes of trusses. 

TRACTION LOAD. 

The total traction load on any portion of a structure is to be 
taken as twenty (30) per cent of the cri eatest live load that can 
be placed on that ]>t)rtiou of said feinicture. 

In proportioning the towers and columns of trestles and 
elevaied railroads, the toA\ crs and cokimns between oensecutive 
expansion points are to be assumed to i^elve no aid ^cm 
M%hborlng towers and cohimns^ but mast be figured for the 
greatest possible traction load between said consectitiTe exgNUi- 
slon points. 

No percentage of impact to be added to inictioa loads. 

CBNTaOriHIAli LOAD. 

The centrifugal load is to be computed for the greatest 

probable velocity of trains by the formula 
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wheie 0 Ib the centriAigBl load per WumX foo^ « U tiie cqfiiiT- 
alent live load per lineal fool, « is the iralocilf of ttatn ie feet 

per second, and R is Ihe radius of the curve in feet. 

All portions of the structure aflfected by the centrifugnl 
load are to be figured to rarry properfy the 8li<^><st's induced 
by the said load in addkioa to all other slressea to which they 
may be aubjeoted. 

No percentage of impfMsl ia lo be added lo ceatrlfegai kmdi^ 

SFFBCTS OF CHANGES OF TEMFBEATURE, 

In ordinary structures changes of temperature will not affect 

the strcbhes ill Llic iaenil>ers, provided, of course, that proper 
precaution be taken to permit unrestricted expansion and con- 
traction. But in all arches, excepting only those hinged at 
both ends and at the erowo> the stresses caused by the 
assumed extreme changes of temperature must be computed 
and dutjr conaldefed. 

INTEIiSITIES OF WOBKING-STKESSES. 

The following Intensities of workini^-stresses (i.e., poiiuds 
per square inch of cross-sectiuu) are to l>e used for all cases, 
except where wind loads are combined with othei iouds, under 
which conditions the said intensities are to be increased thirty 
(30) per cent. But when high steel is employed ihe metal is 
io be strained fifteen (IS) per cent higher for all eases than 
herein specified* even after the aaid thirty (80) per cent has 
been added to allow for wind stresses. 

Tension on eye-bars in bottom chords and 
main diagonals, ami on lateral rods 18,000 pounds. 

Tension on shapes in bottom chords, main 
diagonals and laterals, on eye-bars in sus- 
penders and hip verticals, and ou soft-stc^l 
adjustable truss members. ...... 16,000 •* 

Tension ou net section of ])hite-irirder flanges 
(assuming one eighth of the area of the web 
to act as a part of each flange)^ extreme fibres 
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of rolled I beams, and on siiapeB in body of 
suspenders, liip verticals and baoger-plates 
(there being 50 per cent increase of net area 



for section through eyes) 14,000 pounds 

Teiision on adjustable liubs members of 

wrought iron 13,000 " 

Beii ling on pins 27,000 " 

Bearing on pins aud rivets (measured upon the ^ 
projection of the semi-intrados upon a di- 
ametral plane) 92,000 

Shear on pins and rivets 12,000 " 

Shear on webs of plate girders 10,000 " 



For field-rivets the intensities for bearing and shear are to 
be reduced tweuty-tive (25) per cent. 

Couipressiou ou top chords 18,000 ~ 70 — ; 

T 

I 

Compression on inclined end posts. . . 18,000 ~ 80 — ; 

Compression on all other struts with 

fixed ends 16,000 - 00 

T 

Compression on all other struts with 
one or two hinged ends 16,000 — 80—; 

where I is the unsupported length of the strut in inches and t 
is its least radius of gyration in inches. 

Compression on end stlffenera of plate girders. 14,000 pounds. 

Tension ou extreme iibres of long lc;if, 
Southern, yellow-pine timber iu bending, 
the effect of impact being considered ^,000 " 

BBABnVOe UPON HA60HBT. 

All bed-plates must be of such dimensions that the greatest 

pressnres on tlie masonry, including impact, shall not exceed 

Uiuae given in llie i'oUowiiig lable ; 
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Am. Nat. CemeDt Concrete 
Brickwork laid in Cemeut. . 
Portland Cement Concrete. 
Ordinarily Good Sandstone 

Extra Good Sandstone 



Material. 



PermMble Ftaaore 
per Square Inch, 

. .. 180 pounds. 



170 " 
dOO 

200 •* 



Yellow Pine or Oak nn Fhit 
Ordinarily Good Liuic&Lone, 
Kxtra Good Limestone 



Granitoid 
Granite. . 



•••••••«•••• 



250 
300 

mo 

400 
450 



BEYBBSmO-STBBSSBa 



In case stresses reyeise, the areas required for botli tension 
and compression, including Impact in each case, are to be 

figured separately, and three fourths (f ) of the smaller area is 
to be added to the larger area in order to obtain the total 
sectional nvcn. of the piece. The rivets, however, are to be 
figured for the sum of the two stresses, both impacts included. 

The effect of reversion of stresses in case of wind loads is to 
be ignored when computing sectional areas of members and 
the number of rivets required ; but, of course, wherever rever- 
sion of stress occurs, the piece must be stiffened so as to resist 
compression. 



The net section of any tensioa flange or member shall be 
determined by a plane cutting the member square across at 
any point. The greatest number of rivet-holes which can be 
cut by any such plane, or whose centres come nearer than two 
and a half (dt) inches to said plane, are to be deducted from 
the gross section when computing the net area. 



Ill fiLnirini]^ the bending moments on pins, tlic stresses shall 
be assumed as concentrated at centres of bearings. 



B£MDlNO liOMBMTB ON FIIiB. 
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COMBINATIONS OF STRESSES. 



In the girders of plate-girder spans and of deck, open-webbed, 

riveted -gilder spans, the only stresses th:it need to be con- 
sidered are those caused by the live, impact, dead, aud ceu- 
trifugal loads. 

Tbe trusses of through-bridges will be affected by the live, 
impact, dead, direct wind, aud indirect wind loads ; and in 
exceptional cases also bj tiie centrifiigai load. The trasses of 
deck-bridges will be affected by aU of these loads. In no case 
will the traction hxtd affect the trusses of bridges to such an 
exteul as to require consideration ; consequently the only 
provision for traction load required in through and deck 
bridges is adequate rigid bracing to carry it from the track to 
^e trusses without subjecting any portion of the structure to 
an improper loading, a8« for instance, the flanges of crossr 
girders to horizontal bending. 

In Mdges at all kinds the vaiious loads, herein speci^ed 
8hall be combined without any reduction ; but in irestle»^ 
more especially very high ones, it will be legitimate, when 
combining the stresses from the various loadings, to reduce 
some of them or even to ignore some entirely, in order to 
avoid proportioi4ng for any highly improbable or impossible 
combination of loads. For instance, when a trestle is. situated 
near the middle of a sharp curve or near the apex of two 
heavy rising grades, it would be incorrect to assume a high 
velocity of train. In such cases as these the element of in- 
dividual judgment in couibining the stresses from the various 
loads M?id in as^miug the sizes of the latter cauuot well be 
eliuiijuatAiU. 



For combined direct stresses and bending on chords, the 
moment is to be computed by tbe-compixnniBe formula 



BBXPntO OK TOP CHQBDB. 
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where iris the totul transverse load in pounds on tlie piece, 
iucluding impact, and I is the length of the piece in inches. 

The extreme fibre^atress for the comliiaatioa abaU not ex- 
ceed eUteeu ihouflMid (16,00<^) pamrn^ ; aid tbe iQomcBt at 
mid-jMiiiel ts to be assumed the same in amount as that at Hw 
panel points. 

Top chords subjected to transverse loading should be made 
H& dacp us economy o£ metal will permit. 

»iNDINQ ON INCLIMSD BSD POSTS. 

In proportioning inclined end posts of trusses of through- 
bridges for a combination of all the loads herein specified, to- 
gether with the bending caused by the wind-pressure which 
trayelstransYersely down the piece to the pier or abutment, the 

extreme fibre laay be strained ihirty (30) per cent higher than 
the int(nisity Hpecitied for Ihe direct compression, tbe bending 
moment being computed on the assumptlou that the inclined 
end post is fixed above by the portal bracing and at the bottom 
by its connections to the pedestal and end floor-beam, thus 
making the lever-arm of the moment equal to one half the 
length of that portion of the inclined end post lying between 
the centre of pedestal-pin and the centre of the lower portal 
strut (or, in case of plalc-girder portals, the bottom of the ^mid 
plate girder). 



BSroiNG DUE TO WEIWT OF MBMBBB* 

If the extreme fibre-stress resulting from the bending due Iq. 

the weight only of any member does not exeeed ten (10) per 
cent of the .specilied intensity of ^volkin^-.sl^e.'>8, the effect of 
sncii bending may be ignored ; but, if it does so exceed, its 
effect oMtdt be combined with those of the other strestes^ 
usiug^ however* for determining the sectional area, an inten- 
sity of working-stress ten (10) per cent greater than that 
^fiecified* 
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OmnSSRAJL IiIMFFB IN DUBIONHTG. 

The followiug general limits sliall be adhered to iu desigu- 
ing bridges, tresUes, yiaducto, and the line-work of elevated 
ndlroadB: 

No metal less than three-eighths (|) of an inch in thickness 
shall he nsed except for filling-plates. 
The least allowable thicknesses of webs of rdled I.beams 

shall be as follows ; 



No channel less than ten (10) inches in depth sliall be iiscd, 
except for lateral struts, iu which eight (8) inch channels may 
be employed. 

No angles less than 3" X X i" shall be used, except for 
lacing. 

No eye-bars leas than four (4) inches deep or three quarters 
(f ) of an inch thick shall be employed ; and the depths of eye- 
bars for chords and main diagonals shall not be less than one 
fifty-fifth (g^g) of theleu^rtb of the horizontal piujiciion of j-anK . 

No adjustable rod shall have less than one square inch oi 
cross-section. 

The shortest span length for trusses with polygonal top 
chords shall be one hundred and seventy-five (17d> feet. 

The limit of span length in which the stringers can be riv- 
eted continuously from end to end of span shall he two hun- 
dred (200) feet. Beyond this limit sliding bearings must be 
used at une or more interniediate panel points ; and iu uo 
span shall there be a ]enL,^th of continuously riveted stringers 
exceeding two hundred (200) feet. 

For all compression-members of trusses and for columns of 
viaducts and elevated railroads the greatest mtio of unsup<- 
ported length to least radius of gyration shall be one hundred 
(100)» excepting those membei-s whose main function is to 



U" I beams 

20" . 
18" , 
16" , 




f webs. 
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resist tension. In these the limit maj be raised to one him- 
dred and twenty (120). 

The corresponding limit for all struts belonging to 8way« 
bracing shall be one hundred and forty (140). 

atOTEBAIa PBINCIPIi ES I N DXSiaviNa 

Tn deslgninLT all structural metal-work the following prin- 
ciples are invariably to be observed : 

1. All members must be straight between panel-points, at 
cunred struts or ties will under no circumstances be allowed. 

2. The axes of all members of trusses or giixlers and those 
of lateral systems coming together at any apex of a truss or , 
girder must intersect at a j)oint, whenever such an arntuije- 
meut is practicable ; otherwise the greatest care must be em- 
ployed to ensure that all the induced stresses and bending 
moments caused by the eccentricity be properly provided for. 

& Truss members and portions of truss members must 
always be arranged in pairs symmetrically about the central 
plane of the truss, except in the case of single members, the 
axes of which lie in said central plane of truss. This applies 
also to the designin*,^ of open-webbed, riveted girders. 

4. In i^roportiouing main members of bridges, symmetry of 
section about two principal planes at right angles to each 
Other is to be attained wherever practicable; but in designing 
top chords and inclined end posts this rule cannot be fol- 
lowed. 

5. In both tension and compression members, the centre 
line of applied stress must invariably coincide with the axial 

ri^^Ut line passing through the centres of gravity of all cross- 
sections of the member taken at right angles thereto. 

6. The principle of symmetry in designing must be c.inied 
even into the riveting; and groups of rivets must be nuide to 
balance about centre lines and central planes to as great an 
extent as is practicable. 

7. In all structural metal-work, excepting only the ma- 
chinery for operating movable bridges, no torsion on any 
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member shall be permitted, if it can possibly be avoided; 
otherwise, the greatest care must be taken to provide ample 
streogth and rigidity tor every portion of the structure af- 
fected by such torsion. 

8. Ill d(. -iuiiiii l: all pin-connccted work ample clearauce for 
piK kiIl^ must be piovid«'«l. and ninple room must be left for 
fissciubiiug members iu conliued spaces. 

9. Iq bridges, trestles, nnd elevated railroads the thrust 
from braked trains and the traction must be carried from (he 
stringers or longitudinal girders to the posts or columns with- 
out produciDg auy horiasontal bending moment on the cross- 
girders. 

10. In trestles and elevated rui;n>uds, the columns must be 
carried up to the tops of the crobs-girders or longitiidiual 
girders, and must be effectively riveted thereto. In no case 
will it be permitted to cut oS, the columns and rest the cross* 
girders or longitudinal girders on top of same. 

11. Every column that acts as a beam also must have solid 
webs at right angles to each other, as no leliance shall be 
placed on lacing to carry a transverse load down the column. 

12. Ill trestles and elevated rail roads, every column must 
be aiicliuii d so llrnil y to its pedestal that fiulure by overturn- 
ing or rupture ( ould not occur in the neighborhood of the 
foot if the bent were tested to destruction. 

13. The amount of field-rivetiDg must be reduced to a 
minimum, without, however » diminishing the number of 
rivets requisite for strength and rigidity. Whenever it is 
practicable, all designs are to be made so that the fleld*xivet8 
can be driven readily. 

14. Rivets are not to be used in direct tension. 

15. For members of any iinportance, more than two rivets 
are to be used for each connection, 

16. In designing short membera of open-webbed, riveted 
work, it is better to increase the sectional area of the piece 
from ten (10) to twenty*five (25) per cent beyond the theoreti- 
cal requirement than to try to develop the strength by using 
supi)]enientary auules at (lie eiuls to connect to the plates. 

17. Star struts formed of two angles with occasional short 
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pieces of angle or plate to staying same itre boI to lie used, 
for belter results are obtained bjr pUcing tbe angles in the 

form o[ a T. 

18. Id all Tiiaiu membei*s having an excess of section aboye 
that culled for by the greatest combination of stresses, the 
entire detailing is to be proportioned to correspond with the 
utmost working capacity oi the member, and not merely for 
the greatest total stress to which it may be subjected. Id this 
coDuection, tUou^, the reduced capacity of single angles 
connected by one leg only must not be forgotten. 

19. Designs must invariably be made so that all metal-work 
after erection shall be accessible to the paint-brusli, excepfinc:, 
of course, those surfaces which are in contact with each other 
or with the masonry. This requirement rules out aU closed 
columns of every type and description, 

20. In general, details must always be proportioned to resist 
eyery direct and indirect stress that may eyer come upon them 
under any probable circumstances, without subjecting any 
portion of their material to a stress greater than the legitimate 
correspo u d i ng workin i;-st ress. 

21. In all designs simplicity in both main membei'S and de- 
tails is to be considered of the greatest importance. 

22. In all structures rigidity is to be considered quite as im- 
portant an element as mere strength. 

S8. Structures on skews are to be avoided whenever it is 
practicable to do so. 

24. The use of more than a single system of cancellation in 
bridges shall be confined entirely to lateral systems and sway- 
bracing, except that at mid-panels of trusses two riirid dinjr- 
onals connected at their intersection may for appearance be 
employed, provided that ^ther diagonal have sufficient 
strength to carry the entire shear in either tension or com- 
pression, and that the adjacent vertical posts be figured accord* 
ingly. 

95. The use of redundant members in structures shall not 

be allowed, excepting only in the case just mentioned of rigid 
mid-panel diagonals. 
20. In all designing true economy must be given the utmost 
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coii8ideratioii» and no useless material must be employed, every 
pound of metal In the structure baving a legitimate function; 
but ecoiioniy of materiul must not be quoted ms an excuse for 
using inferior details or scamping tlie work iu respect to 
strength, rigidity, or uppearuuce. 

27. In nil structural work the subject of lesthetics must be 
duly considered; and all designs are to be made in Ijarmony 
with the principles thereof, to as great an extent as the money 
available for the work will permit or as the environment of 
the structure calls for. 

BlVJhiTUrO. 

The rivets used shall generally be seven eighths ({) Inch in 
diameter, smaller ones being employed for small channel flanges 
and legs of angle-irons less than three and a half (3^) inches 
wide. In very heavy work the rivet diameter should be in- 
creased to fifteen sixteenths ({J) inch, and in certain extreme 
cases to one inch. 

The least diameters for rivets In flanges of channels are as 
follows, and the greatest diameters must not exceed the same 
by more than one sixteenth (^) of an inch : 

Depth of Channel.... V 7" 8" «" 10" IS" 15" 
I>lainetierof RiTel....5/B" 5/8" 8/4" 8/4" 8/4" 8/4" 7/8^' 

The pitch of rivets in all classes of work in the direction of 
the stress shall never exceed six (6) inches, or sixte en (16) 
times the thickness of the thinnest outside plate, nor be less 
than three (3) diameters of the rivet. At the ends of compres- 
sion •membei's it shall not exceed four (4) times the diameter 
of the rivets, for a length equal to twice the width of the 
member. 

When two or more thicknesses or plate are riveted together 

in compression-members, the outer row of rivets shall not 
be more than four (4) diameters from the side edge of the 
plate. 

No rivet-hole centre shall be less than one and a half (1^) 
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diameters from the edge of a plate, and, wbeuever practicable, 
this distauce Is to be increased to two (2) diameters. 

The rivets when driven must completely fill the holes. 

The rivet-heads must in general be round ; and iliev iniist 
be of tinifonn size for the siinie-sized rivets i lirouLrlioiit the 
work. They must bj neatly made and concentric with Ibe 
rivct«ho1es, and must thoroughly pinch the connected pfeces 
together. 

Rivets with flat heads shall be preferred to countersunk 
rivets ; the height or thickness of the flat head shall be three 

eightlis (|) of an inch. 

Rivets shall not be coiintersuuk in plates less ihau seven 
sixteenths (j^^) of an inch in tliickness. 

Flanges of stringers and girders carrying the vertical load 
from the ties shall have their rivets spaced uniformly from end 
to end, and at the minimum distance employed. 

Whenever possible, all rivets shall be machine-driven, and 
the machines must be capable of retaining the applied pressure 
until after the upsetting is completed. 

Field-riveting must be done with a button sett : the heads 
of the rivets must be hemispherical, and no rough edges must 
be left. 

All rivets in splice or tension joints are to be arranged 
symmetrically so that each half of any tension •member or 
splice-plate shall have the same uncut area on each side of its 
centre line. 

No rivet, excepting those in shoe-plates and roller or bed 
philcM, is to have a less diameter than the thickness of the 
thickest j)l}ite througli which it |>;isses. 

The etYective diameter of any rivet shall be assumed the 
same as its diameter before driving ; but, in making deduc- 
tions for rivet*holes in tension- members, the diameter of the 
holes shall be assnmed one eighth (() of an inch larger than 
that of the rivet. In the effective area of riveted members, 
pin, bolt, and rivet holes shall be counted out for tension, 
and bull and plu holes shall be counted out for compression. 
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DETAIIiS OF DESIGN FOB BOIiLED I-BEAM SPAJNTS. 

Rolled I beams used as loDgitudmal girders shall have 
preferably a depth not less thau one twelfth {^\) of the span. 
They shall be proportioned by thefr moments of inertia. 

1 beam spans may have cither one or two beams per rail, 
lu the former case tlic spacing should be six (G) feet six (6) 
inches, and in the latter case two (2) feet sixUi) i u dies bet vyeeii 
contiguous girders. With two lines of stringers per track, 
there will be required a bracing-frame at each end of span and 
diagonal bracing between the top flanges, unless the span be 
less than ten (10) feet in length, in which case the diagonals 
may be omitted. 

With four lines of stringeis per track, no diagonal bracing 
will be required, but tlnee (^^>) bracing-frames at each end will 
be used, with three (3) more at mid-span when the span 
length exceeds ten (10) feet. 

Each I beam is to have at each end a pair of stiffening 
angles, one of which will form a portion of the end bracing- 
frame. These are to fit tightly at both top and bottom against 
the flanges. 

Under each end of each I beam there is to be riveted a bear- 
ing plate of proper area and thickness to distribute the load 
uniformly over the masonry, said plate being bolted elfeclively 
to the latter with due provision for expansion and contraction. 

DBTAIIiS OJF DESION FOB PIiA.TJ&-aiBD£B SPAIfS. 

Plate girders shall have preferably a depth not less than 

one tenth (yV) f>f the spnn. 

All plale girilers, whenever it is practicable, shall be built 
without splices in the web ; and, when such become neces- 
sary, the smallest possible number of same shall be adopted. 
Tiie si^liet -plates and rivets for the splices shall be such as 
to develop in every respect the full strength of the net 
section of the web, the main splice-plates extending from 
flange to flange and having at least two (2) rows of rivets on 
each side of the joint. In addition to these, each flange shall 
be spliced by two cover-plates on lop of ilie vertical legs of 
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the flaoge angles. These must be long enough to develop by 
the couneeting rivets at len^^t twenty-five (35) per cent more 
than the full strength of their net section. 

Splices in flange plates and angles must always be avoided 
when Bttfficiently long platesr and angles are procurable, which 
will always be the case, unless the span be abnormally long. 
Where flange-splices are unavoidable, they must b!b so located 
that no two pieces of either the flange or the web shall be 
spliced within two (2) feet of each other, and so that no 
flange-splice shall occur at any point where there is not an 
excess of sectional area above the theoretical requirements. 
Every non-continuous flange-piece shall be fully spliced so that 
the splicing plates and rivets shall have a calculated strength 
at least twenty-five (25) per cent greater than that of the section 
spliced. Field-splicing of plate girders will never be allowed 
for flxed spans, except in strnctnres for foreign countries. 

At least one half of every llange .section must consist of 
angles, or else the heaviest sections of the latter must be used ; 
and the number of cover-plates mtist be made as small as 
pnicticable, in no case exceeding three (3) per flange. The 
lengths of these cover*plates must be such as to make them 
project at each end not less than nine (9) inches beyond the 
point determined by the calculations for the requisite resistance 
to bending. 

Where two or three cover-plates per flange are used, they 
shall be of equal thickness, or shall decrease in thickness out- 
ward from the anij^les. The cover plates shall not exti'ud 
more than four (4) inches or eight (8) times the thickness of 
the outer plate beyond the outer line of rivets. With cover- 
plates more than fourteen (14) inches wide, four (4) lines of 
rivets shall be used. 

The compression -flanges of plate girders shall be made of 
the same gross section as the tension- flanges; and they shall be 
so stiffened laterally that the unsupported length shall never 
exceed twelve (12) times the width of flange. 

In deck spans there are to be bracing frames at the ends 
and at intermediate points not more than fifteen (15) feet apart; 
anil there is to be an effective system of diagonal bracing of 
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aoglefl between the top flanges of the contiguous girders for 
each track. 

In half-through spans the girders are to be divided up Into 
panels generally not exceeding fifteen (15) feet in length. If 
ii sleel floor syslum be used, there me to be bnickets of web- 
plates and angles at the ends of the cross-girders extending to 
the top flanges t>f the longitudinal girders, so as to sUxy the 
latter effectively > while, if a wooden floor system of ties rest- 
ing on shelves or on the bottom flanges be used, there are to 
he steel cross frames with solid webs, of the greatest depth 
obtaioable, with similar brackets at their ends for the same 
purpose. Half-through plate-girder spans are to have a rigid, 
double intersection, lower lateral sy^Lcm of angles riveted to- 
gethcr by ])l;vtes and angles at their intereections and to the 
botioiii tianges of the steel stringers, if the latter be employed. 

VVeb-stiffeuers shall be placed at the ends of plate-girder 
spans, also at all points of concentrated loading and at inter- 
mediate points at distances not exceediog either the depth of 
the girder or five (5) feet, except in the case of shallow girders 
where the shear, including impact, does not exceed five thou* 
sand (5000) pouiids per square inch of web section. Under 
such circumstances the spacing of intermediate stiifeners may 
be made as great as three (3) feet six (6) inches. 

All stiffeners must bear lightly at top and bottom against 
the flange angles. Under end stiffeners there must l)c fillers 
flush with the flange angles, but intermediate stiiOteners shall, 
preferably, be crimped. 

End stifiFening angles shall in no case be less than ^" X H" 
X I", net, and must have sufficient area to carry the entire end 
shear, including impact, with the specified intensity of work- 
ing-stress, no reliance being placed on the fillers. 

The sections of intermediate stiffening angles shall not be 
less than those given in the following table. 



Length of Qirder. 



Dlmeiisloos of Angles. 



Up to W 

From 50* to 7(K 
From 70' to W 



8v X 84" X r 

4 X SJ X t 

5 X3i Xi 
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To proporiiomng the flanges of plate girders, one elgbtb (|) of 
tbe groB» area ol iba web is to be aaBumed as ooaoentiated al 
tbe ceotre of gia?ity of eacb flange; or, in oUier words, after 
baving found tbe net secttonal ana required for tbe tension- 

flauge by ignoriug the resistance of tbe web to bending, there 
is to be subtracted therefrom one eighth of Lhc grobs area 
of tiie wc*b-plaie. 

At the ends of all plate girders there must be sulMcieut rivets 
in eacb flange to transfer properly thereto from the web the 
total end-shear in a distance equal to the effective depth of tbe 
girder. 

At the enda of coTer-pIatea the sspudng of the rivets which 
attach tbe covers, for a length equal to at least twice the width 

ihei Luf, shall be made Lbe aiiuiiiium used iu the lianges. 

Under each end of each plate girder there is to be riveted a 
bearing i>late of pruper urea and thickuess and thoroughly 
Stiffened so as to distribute the load uniformly over the ma- 
aoniy, said plate being bolted effectivelj to the latter with due 
provision for expansion and eontfactioB. 

distaHiS op dxbiqn fob opmr- wkbbisd, bivxtjbd 

aiBDBB-SPANS. 

All open-webbed, riveted girders for both deck and half- 
th rough bridges shall be riveted up completely in the shop, 
aa fleld-riveting will be allowed only for the lateral bracing, 
except in atmetures for foreign countries* 

In open-webbed, through, riveted girder^, however, the con- 
nection of main members will have to be by field-rivets. In 
such cases all of the tmss-merabers will have to be assembled 
in tbe shop, after Avbich the rivet holes for the eoaijcclious 
shall be reamed so as to ensure perfect fitting iii the field. 

The use of shallow open-webbed, rivetc l L^irders shall be 
avoided whenever possible, for the reason that they are quite 
as expensive and never as satisfactory as plate girders. In 
case, though, of their being required, as for Instance in ele« 
▼ated railroads occupying city streets, they are to be provided 
with short, substantial web-plates at the ends and at all inter- 
iiiedLile points where couuectious are made to other girders. 
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In proporfioaiDg the web-memben of iuch girders, the 
specified iutensities of working streBses are to be reduced from 

ten (10) per cent for 6" X 3f' angles to twenty-five (35) per 
cent for eqiinl -legged augles, with proportionate jinionnts for 
angles uf intermediate inequality of so as to coiii|h nsnte 
for the secondary stresses due to the eccentric grip of the rivets. 
In no case will it be permissible to use fiats instead of angles 
for web-members, but tees may be employed, provided tlieir 
beads be wide enough to permit of satisfactory riveted con- 
nections. 

At all intersections of web-members with chords, connect- 
ing plutes are to be used; for it is not permissible to attach 
web angles directly to chord angles without using an inter- 
mediary plate. 

The exact intersection at a point of all gravity lines of girder- 
members assembKng at any apex must be adhered to in the 
designing of ppen-webbed, riveted girders. 

In designing all riveted connections^ the greatest care is 

to be taken to make connecting plates and groups of rivets 
balance about centre lines of stress, especially where passing 
from riveted work to pin-(;onuected, as in the case of a rivet^ 
span with hinged ends at pedestals. 

In all other particulars, the designing of open-webbed, 
riveted work is to comply, wherever practicable and proper, 
with the spedfications for piate-ghrder and pin-connected 
spans. 

D22TAXI.8 OF DESIGNS FOU FIN-CONNBCTSD SPANS. 

The sections of the top chords and those of the inclined end 
posts of through-spans shall consist generally of two built 
channels and a cover-plate, each channel being formed of a 
web and two angles, the upper one small and the lower one 
much larger, so as to bring the centre of gravity of the entire 
box section of the member as close as possible to tlic mid- 
plane of the wel)-pljites. In no case will more than one cover- 
plate be ill lowed, and tbis is lo be made as thin as is proper. 
It is permissible lo substitute rolled channels for the built 
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ones ; but when this is done it Is often advisable to rivet a 
tbfck narrow plate to the under side of eaeh channel, in order 
to facilitate the paeking and detailing of web*niembers by 

keepiug the ceutre line of stress cuiiicideut with the gravity 
axis of the piece. 

Main vertical posts shall, generally, be composed of two 
laced channels, preferably rolled ones» although built ones 
ean be used where lavge sectfons are required. 

Secondary vertical posts may be built of two rolled channels 
laced, or of four angles io the form of an I with a siogle line 
of lacing. These secondary vertical posts should, preferably, 
be riveted to the lop chord instead of beiu^ piu-conuected 
like the main vertical posts. 

The channels of vortif al posts may have their flanges 
turned either ioward or outward as desired, or so as to best 
suit the general detailing of the truss. 

StifE bottom chords and inclined welKStruta may be made 
of either two channels with two lines of lacing or of four 
angles with one line of lacing. 

Upper lateral struts, overhead transverse stmts, and web- 
stiffening struts shall, pruferabl}', hv inadc of four angles with 
one line of lacing. In case, howevtr, ihe said angles be spaced 
very far apart, as in lateral struts connecting deep top chords, 
they are to be placed on the corners of a rectangle, wi.h their 
legs turned inward, and laced on all four faces of the box 
strut thus formed. 

Eye-bars are to be used for all bottom chords and main 
diagonals that do not require to be stiffened. 

Counters, when employed, can be of either rounds, squares, 
or Hats. These and all other ndjiistable members are to have 
their ends enlarged for the screw-threads (unless soft-steel, 
cold-pressed threads be used) so that the diameter at the 
bottom of the thread shall be one eighth (i) of au inch greater 
than that of the body of a round rod of area equal to that of 
tbe adjustable fiieoe. 

la short spans, two angles riyeted back to back, or eiren a 
single large angle, may be used for lower lateral diagonals ; 
but for loug spans the diagonals are to be made of four angles 
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io the form of au I wilh a single liue of kielDg. Wlien two 
angles are used» a single plate must not be depended ou to 
form the spHce at the intersection of the diagonals^ but two 

augles, each not less than two (2) feet loug, are to be placed 
beueath or ou lop of the spliced angles, so as to foiui a full 
splice in respect to l iLndity as well as strength. 

Diagonals for upper lateral systems and vertiail swaj- 
braciug shall, preferably, be built of four angles in the form 
of an I with a single line of lacing ; hui, for structures where 
this section would inTolve an extravagant use of metal, two of 
the augles, one al top and one at bottom, may be omitted »^ 
thus making each strut consist of two augles laced, provided, 
of course, that where the struts cross they shall be rigidly 
connected by two plates of ample size. This im balanced 
seetiou for such diagonals is to be avoided wbeuever it cau be 
done without undue use of metal. In no case, though, will 
it be permissible to use angles in tension that are not capable 
of resisting properly the possible compressive stresses, with 
due regard for the specified limit of ratio of unsupported 
lebgth to least radius of gyration. 

In desijrning transverse lateral and overhead sLruls aud 
their connections it musi be remembered that their maiu 
function is to hold rigidly the chords or posts to place aud 
liue, aud not merely to resist as columns the greatest cal-. 
culated direct stresses to which they may be subjected. For 
this reason such struts should have ample section for rigidity, 
and the couuectiug plates at their ends should grip both con* 
nected members effectively. 

Striugers for truss-bridges shall invariably be built of plates 
aud angles, and no (;over-plates will be allnweti for the flanges. 
Their depths shall be made not less tlian the most economic 
ones in respect to weight of melal required, provided that the 
bridge clearance will permit, and never less than one twelfth 
(^V) ^ti® ^IMiii* No splices will be allowed in their flanges 
nor any in their webs, provided that sulliciently long web- 
plates are procumble. The compression-flanges shall be made 
of the same gross seetiou as the teusiou-tianges ; and they shall 
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be 80 Btiflenecl that the unsupported length shall newer exceed 

twelve (12) times the width of llange. 

Rigid dingonal bracing of nriL'-lcs is invariably to bo used 
between the top flanges of stringers, and rigid bmclng-frames 
are to be employed Dear all expausion points. If the panel 
length exceed thirty (80) feet, there shall be a bracing-frame 
at mid-length between the contiguous stringers of each track; 
but for all shorter lumels the rigid lower lateral diagonals 
which are rlTeted to the bottom flanges will stiffen the latter 

suilicienlly. 

In respect to sliffening angles for stringers, the rules 
governing those for |)late-girder spans are to be followed; but 
the end stilteoers are to be faced or otherwise treated so as to. 
make the stringers of exact length throughout, and so as to 
effect a uniform bearing of the end stiffeners against the webs 
of the croes-girders. 

In respect to proportiooing of flanges and number of riTCts 
rci^uired, the rules given for plate-girder spans are to apply 
also to stringers. The said rules are to apply also to cross- 
girders, as shall also those relating to stiffeners, splices, cover- 
plates, and size of compression-ilaugcs, that are given for 
plate-girder spans. Wherover it is necessary to notch out the 
comers of the cross-girders to clear the chords, the greatest 
care must be taken to provide an adequate means for transfer- 
ring the shear to the posts without impairing either the 
strength or the rigidity. If necessary, in through-bridges the 
web of the c rnss-girder can be divided into three jiarts so as 
to let the end portions project above tlje t()[) ilange and form 
brackets that will a£[ord opportunity for using an ample 
number of rivets to connect to the posts, and will strengthen 
properly the otherwise weakened cross-girder. 

In order to carry the thrust of trains from the stringers to 
the posts through the lower lateral diagonals, the latter and 
the stringers are to be made to form complete horizontal 
trusses by running angles Ix^ween stringers at the level of the 
bottom flanges. In single-track bridges two pieces of angles 
per panel running tninsversely between si ringers at the inter- 
section of the latter with the ditigouals will suffice; but in 
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douUe-lrack bridges tliere will be I'equifed two fiueb angles 
per panel between inner striugers, and four diiigimal angles 
per panel to run from wbere the lateral diagooak intereect 

the outur striDgers to ^bere the iuuer slriugers meet the cross- 
girders. 

All phUes, auprliis, and chniHiels used iti built members of 
trusses must, if practicablti, be ordered the full length of the 
member; otherwise the splioes must develop the full streugth 
of the member, without any reliance being placed on the 
abutting ends for carrying compression. 

But in total splioes at the ends of sections perfect abating 
of the dressed ends is to be relied upon. However, the splice- 
plates even there must be of ample bize aud streugth fur bulh 
rigidity and coatiuuity. 

The unsupported width of i)hites stniined in compression, 
measuring between centre lines of ri?els» sitali uot exceed 
thirty-two (3d) times their thickness, except in the case of 
cover-plates for top chords aud inclined end posts, where the 
limit may be increased to forty (40) times the thickness. 
Where webs are built of two or more thicknesses of plate, the 
rivets that are used solely for making the several thicknesses 
act as one plate shall in no case be spaced more than twelve 
(12) inclies from each other or from other rivets connectiug 
said compouent tliickues^es together. The least allowable 
thickuess for such compound web-plates shall be one (1) inch. 

The open sides of all compression-members composed of 
two rolled or built channels, with or without a cover- plate, 
shall be stayed by tie plates at euds and by diagonal lacing- 
bars or lacing-angles at Intermediate points. Laci n g- bars may 
be coniiecled to the tlanges by either one or two rivets at eaeh 
end; but laciuir-aiigles, which are used for membi r.^ of heavy 
section onl}', must be connected by two rivets at eacii end. 

The tie-plates shall be phured as close as practicable to the 
ends of the compression-members. Their thickness idiall not 
be less than one-fiftieth (^) of the distance between the centre 
lines of the rivets by which they are connected to the flanges, 
unless said tie-plates be well stiffened by angles, in which case 
they may be made as thin as three eighths (|> uf an inch. 
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The length of a tle*pl«te shall never be lees than it$ widlh, or 
one and one-half (U) times the least dimension of strut (unless 

ii bo close to a web diaphragm of the member, in which case 
it may be as shoit as twelve (12j inches), aud seldom greater 
than one aud one-half (1^) times its width. 

The thicknesses of lacing bars shall uever be less thau one 
fiftieth (^) of the length between centres of the end rivets, 
measuring between inmost rivets in case that there be more 
than one rivet aft each end. The smallest section for a lacing- 
bar shall be one and three quarter (IJ) iucbes bj three eighths 
(f ) of au inchf which size shall b'j used for channels under 
niue {9} inches deep; and the largest section shall be two and a 
half ('34) inches by oiie-half (l) inch, wliich size shall be used 
for chaunek tifteen (15) inches deep. Fov intermediate sizes 
of eliannels, the sizes of lacing-bMrs shall be interpolated. JFor 
all built channels of greater depth Uian fifteen (15) inches, and 
for all cases where a laoing-bar would require a greater thick- 
ness than one-half (i) inch, angle lacing is to be used, the 
smallest section for same being 2 ' x 2.i x § ', and the largest 
X oi' X I . For two (2) inch lacing-bars and two and 
a half (2i) inch lacing angles, three-quarter (|) inch rivets are 
to housed; and for two and a half {2^.) inch Incing-bars and 
three (3) inch laciug-augies seven-eighths (j) inch rivets are 
to be adopted. 

In general, the inclination of lacing-bars to axis of member 
shall be about sixty (00) degrees ; but in members of minor 
importance and iu tension- members the said inclination may 

be made slightly flatter. 

Pin-plates shad he used at all pinholes in built niendais for 
the ilonble purpose of reinlorclng for the metal cut away and 
reducing the intensity of pressure on pin an(i bearing to or 
below the specified limit. They shall be of such size as to 
distribute properly, through the rivets, the pressure carried 
by such plates to both flanges and web of each segment of the 
member ; and tbey shall extend at least si.\ (C) inches within 
the tie-plates of said member, so as to provide for not less than 
two (2) transveise rows of rivets there. 

When the pui ends of compression- members are cut away 
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Into jaw-plates or forked ends, for the purpose of packing 

closely the various members counected by the pin, these jaw- 
pluies or post extensions shall be considered as columns, the 
ihickness of each of which shall be determiued by the follow- 
ing formula : 

1? = 10,000- 300 

where p ia the greatest allowable intensily of working-atxeas 

(impact being considered) ; I in the unsupported length h& 

inches, measuring from the centre of the pinhole to the 
centre of the first Inmsverse line of rivets beyond the point aL 
which the full section of Ibe menilx r lie^rins ; aud t is the total 
thickness in inches of one jaw. The length I is always to be 
made as small as practicable; and, in cnses of unavoidably 
long extenaiona, the plates are to be atiflened by an interior 
diaphragm composed of a web with four, or sometimes only- 
two, angles. 

Ii is always better, whenever practicable, to avoid cutting 
away the cuds of channels ; but, if they must be trimuied, the 
ends must be reinforced so that the strength of the member 
shall not be reduced by the trimming. 

In riveted tension-members, the net section through aujr 
pinhole shall have an area fifty (50) per cent In exeeaa of the 
net sectional area of the body of the member. The net sec- 
tion outside of the pinhole along the centre line of stress shall 
be at least sixty-five (65) per cent of the net section tiiiougk 
the pinhole. 

Pins are to be proportioned to resist the greatest shearing 
and bending produced in them by the bars or struts which 
they connect. No pin is to have a diameter less than eight 
tenths Cfs) of the depth of the deepest eye-bar coupled thereon. 
No truss^pin is to have a smaller diameter than three and a 
half m) inches, and no lateral pin, if any such be used, a 
diameter less than two and a lialf (2^ inches. 

Lower chords are to be packed as closely ns possible, and in. 
such a manner as to produce the least bending moments on the 
pins; but adjacent eye- bars in the same panel must never have 
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less tlAii a one-bftlf (i) iodi space between them, 9a etder to 
fadlitate painting. Tbe various tn embers attacbed to any pin 

must be packed as closely as practicable, aud uU interior 
vacant spaces niusl be filled with steel fillers, where their 
omission would permit of motion of any member on tbe pin. 
All bars are to lie in planes as nearly as possible parallel to 
tbe central trusii-plane, no divergence exceeding one eighth 
H) of an inch to the foot being permitted. 

In detailing I stnitB composed of four angles with a single 
line of lacing, the clear distance between backs of angles shall 
never be made less than three-quarters (f ) of an inch, in order 
to permit the insertion of a small paint-brush. 

The greatest allowable pressure upon expansion-rollers of 
fixed spans, when impact is considemi, sha^ be determined 
hy the equation 

p = fiO0d, 

where p k the permissible pressure in pounds per lineal 

inch of roller, and d is tbe diameter of the latter in indies. 

The leiist allowable diameter for e^^pausion-roUers is three {^) 
inches. 

Kollers shall be enclosed in boxes made practically dust- 
tight, but which will not retain water, and which are so 
designed that the sides can be readily removed for the purpose 
of cleaning. These boxes must be so designed as to permit of 
a free movement of the rollers in the longitudinal direction of 
span sufficient to take up the extreme variations in length due 
to tempeialure chuiiges and detlectiou, aud ul the same time 
prevent any transverse motion of the end of the span. 

All shoe-plates, bed-plates, and roller-plates are to be so 
stiJSened that the extreme fibre-stress under bending, when im- 
pact is Included, shall not exceed sixteen thousand (ld,000) 
pounds. 

Pedestals shall be either of cast steel or built up of plates 
and shapes. In built pedestals, all bearing surfaces of the 

base-plates and vcrlionl bearing-plates mu^L be pluued. The 
vertical plates must be secured to the base by angles having 
at least two rows of rivets in the vertical legs ; and the said 
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, vertical i^ates must bear properly from end to end upon the 
base. No baae^plate, yertical plate, or conuectiiig angle 
shall be leas In ihickDess than three quarters (f ) of an inch. 

The vertical plates shall be of sufficient height aud must con- 
tain enough metal and rivets to distribute properly the loads 
over the bearings or rollers. The bases of all cast steel pedes- 
tals sbi^U ha planed so as to bear properly on the masonry or 
rollers. All rollers and the faces of tmse-plates in contact 
therewith are to be planed smooth, so as to furnish perfect 
contact between rollers and plates throughout their entire 
leugth. 

All pedestals whether built or cast must have one or more 
diaphragms between webs, carried up its high as the general 
detailing will permit, so as to transniit transverse horizontal 
thrust to the base without overstramiug the webs by bending 
in their weakest direction. 

Heads of cye*bars are to be made of such dimensions that 
when the bars are tested to destruction they shall break in the 
body and not in the eyes ; and in case of loop^yes, so that 
they shall not fail in the welds. Rods with bent eyes shall 
not be used. In loop-eyes, the distance from the inner |V)int 
of the loop to the centre of the piniiolo must not be less than 
two and one half (2^) limes the diameter of the piu, and 
the loop must fit closely to the pin throughout its enUre seml- 
ciicumference. 

■ 

PHTAIIiS OF DESIGN FOR TRESTIjES AJSl> filiS. 

VATSB BAIIiBOADS. 

The sections of main members of trestles shall, ,Li:enerally, 
be as follows : Columns, two channels laced with Uanges 
turned either out or in, two channels with I-beam web 
between, four Z bars with web-plate, four Z bars with a 
single lioe of lacing inside and occasional stay-plates outside, 
or four angles with a single line of lacing iDside ; diagonals in 
transverse and longitudinal bracing, and all bottom horizontal 
bracing struts, four angles with a single line of lacing; 
horizontal transverse bracing struts at top of towers, bracing 
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frames of angles ; loDgltudinal struts at top of towers, plate 

girdem ; aud longitudiual girders, plate-girder spans, or 
occasionally, for very long spans, opeu- webbed, riveted 
girders or pin-CDnncctei! trusses. 

Tlie detailing for longitudinal girders of trestles and 
elevated railroads and the braoing between same shall comply 
with the speciflciitloDS governing the designing of plate- 
girder spans and tiie floor systems of pin-connected ^pans. 

In general, the transTerse and longitudinal bracing of 
trestle towers shall consist of a double-cancel ion system of 
stiff diagonals without any horizontal strtits, except at the 
bottom between pedestals. Tlie iaLier struts must be strong 
enough to move the column feet upon their sliding-bearings 
when said struts are expanded or contracted by changes of 
temperatuia^ Provision must be made for holding some feet 
rigidly, and for sliding some in one horizontal direction only, 
and others in any horizontal direction, at the same time 
holding them all down so thai they shall not be lifled 
perceptibly by the wind -pressure, bliding-plales are always 
pref«'i (c rollt rs for pedestals of trestles. They shall be 
planed extremely smootlip aud so as to bear properly at aii 
parts. 

Occasionally, in solitary bents, it is permissiDle to use 
hinged ends for columns at pedestals ; but it is generally 
better to make them fixed, and to figure the columns for the 

greatest bending produced in them by transverse loads aud 
extreme changes of temperature. 

The tops of trestle columns are to be made vertical by 
bending them just beneath the longitudiual girders where the 
latter are riveted to them ; and the upper transverse struts 
must be made as deep as the longitudinal girders, and must be 
riveted effectively to the columns. Corner brackets of double 
webs are to be used for connecting the columns to the 
horizontal struts and bracing-diagonals, and at the same time 
to strengthen tlie cohinui at the bend. Additional strength- 
ening is to be given l)y using a solid web or diaphragm in 
the column extending from the top thereof to a point about 
two (3) feet below the beud. 
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All spliees in oolumns are to be full, butt spHoes^ looeted 
preferably about two (3) feet above the points wheie the away- 

diagonals eonoect, shingle-spIiciDg being avoided because of 
the trouble it gives during erection. 

I he bei>l span lengths for trestles are generally tbose whir-h 
make tlie total cost of structure a miuimum, the tower 
length varying from twenty (dO) feet for low trestles to 
thirty (80) feet for very high ones, and the iotermediate apans 
varying from thirty (dO) to sixty (60) feet for the same limiting 
heights. Any length of girder exceeding sixty (60) feet would 
probably necessitate the employment of a too long, heavy, ami 
expensive iraveller, or else the use of bents of laiaework 
between the towers. 

For elevated railroads the sections of main members shall 
be as follows : Longitudinal girders, preferably plate girders, 
or, if necessary, open-webbed, riveted girdera; cross- girders, 
plate girders ; columna for structuies without longitudinal or 
tower bracing, two channels with an I beam riveted between ; 
and columns for structures with longitudlual or tower braoing; 
four Z bars with a web-plate. 

All colunms for elevated railroads are to have both ends 
fixed, being held rigidly at the top by either the longiludinal 
girders or by deep struts that carry the thrust of braked iruina 
from the track to the columns, and their sectional areas an to 
be figured accordingly for both direct load and bending. 

Longitudinal girders in elevated railroads sliall, generally, 
be riveted into the cross-girders and not rest thereon, except 
under certain conditions for the hake of clearance beneath, iu 
wiiich case the toj) flanges of the half-Lliruugh girdern must ba 
stayed at the ends and at intermediate points, as specitied for 
plate-girder spans 

On all curves in elevated railroads, special lateral bracing of 
angles, riveted at intersections to the longitudinal girders and 
earried over and riveted to the columns, must be employed. 

Where brackets for columns can be used advantageously in 
elevated-railroad work, iliey must be put iu, and must be built 
of solid web plates and anirhis. 

In general, the limiting length of struoture betweeu expan- 
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sion points shall be about one hundred and fifty (150) feet. If 
this Icuglii be exceeded materially, the coluuius may have U> 
be strengthened to resist the bendiug caused by changes in 
temperature. 

All ezpaDsion-pockets are to be so detailed as to throw the 
load from the longitudinal girder as close as possible to the 

web of the cross-girder; and sutiticieut rivets are to be used in 
( onaectiiig the pocket to ihe cros^.irirder to provide for both 
the direct shear and the bending moment from the eccentric 

All aiiclMU>bolts at column feet are to extend well up above 
the base-plate, passing inside of a curved i^te that is riveted 
to the column, and which supports a heavy wadier-plate to 
receive the anchop-boU nut. The space betMreen the curved 

plate and the anchor-boU after erection is to be tilled with 
Portland-cement grouting. 

All coluni!! feet are to be raised so far above the i^^round 
thai DO dui, snow, or moiAture can collect around them and 
remain there. The boxed spaces at cohimn feet are to be filled 
with Povtland-cenieat conerete made with small broken stone. 

The baflea of pedestals are always to be made large enough 
to prevent all possibility of settlement of foundations. In 
figuring the pressure on the base of the pedestals it is not suf- 
ficient to recognize only the direct live and dead luads, but it 
is necessary also to compute the additionnl iiiufjunl intensi- 
ties of loading caused by both longitudinal and transverse 
thrusts. 
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CHAPTER XV. 

SPEODICATIONS FOE RAILROAD DRAW^PANS. 

The specifications given in the preceding chapter for fixed 
spans apply also to di^iw-spans, except where otherwise stated 
in the following pages. 

GmnoBAii BJBsoBXPaxon', 

KATSBIAl^S. 

The specifications preyfously given apply also to draw- 

spans, except tbut cast iron may be used for the ceulie cast- 
ings on top of pivot-piers, for anchor-pieces in the masonry, 
for shafting- boxes, and for ruil-cliairs. and some other castings 
of minor imporiance. The use of high steel for drawbridges 
will not be permitted. 

STTIiBS OF BRIDGBS FOB VARIOUS SPAN LBNGTHB. 

For spans up to one hundred and sixty (160) feet in length, 
plate-girder spans slioiiUi u ci. These may be made to act 
as continuous girders over the pivot-pier, or may have pin- 
conuectioQS over the drum» so that when the live-load is ap- 
plied they will act as two separate spans. The latter style is 
generally preferable, because there is no tendency for the far 
end of the span to rise when the live load is being brought on. 

For spans between one hundred and sixty (160) feet and two 
hundred and seventy-five (275) feet, pin-connected Pratt 
trusses with parallel top chords and stiff diagonals in panels 
where there is reversion of stress, or riveted trusses of single 
cancellation, are to be used. 

For spans between two hundred and seventy^fiye (275) feet 
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aod three hundred and fiity (350) feet, pin*connected Pratt 

trusses with broken top chords are to be employed. 

For spurns of over three hundred and lifty (350) feet, piu- 
connected trusses with subdivided panels are to he aduptcd. 

It is understood that these limiting lengths are not fixed 
abfloltttely, as the best limits will vary somewhat with the 
number of tracks and the weight of trains. 

The height of towers should generally be between one sixth 
(i) and one seventh (|) of the total length of span, measuring 
from centre to centre of end-pins; although in certain cases it 
may, for the salu of appearance, be made a little greater. The 
truss depth at the inner hips should be from one ninth (I) to 
one tenth (-^q) of the total length of span. The truss depth at 
outer hips for S[)an8 up to four hundred (400) feet will gener- 
ally be determined by the clearance reqaired. For longer 
spans it should be between one fourteenth (^) and one 
fifteenth C^^) of the total span length. 

The length of the centre panel will, in most cases, be made 
equal to the perpendicular diiiLauce between centml planes of 
trusses. 

In spans having horizontal top chords all panels of the 
latter must be made of stiff membei-s, excepting only the 
centre panel over the pivot-pier; and the diagonals next to the 
middle panel are to be tenslon-membera. 

Broken top chords must be made of stiff members from 
ends to inner hips, but the portion between the inner hips is 
to be made of eye-bars. Inclined posts extending from inner 
hips to drum are to be used in all cases where top chords are 
broken. 

LOADS. 

The loads to be considered in designing draw-spans are the 
following : 

A. Live Load. 

B. Impact Allowance Load. 

C. Dead Load. . , 

D. Uplift at Endfl. 

E. Direct Wind Load. 

F. Indirect Wind Load or Transferred Load* 
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The Ufo loadi for the various parts of the structure are to 
be taken from the '* Compiomiie Standard System of Live 
Loads for Raflway BridgeSp" in the same manner as previously 
specified for fixed spans* 

The live load for trusses with only one arm loaded is to be 
taken from tlic live-load curves for u spun equal to the distance 
between llie centre of the end-pin and that of the pin at the 
foot of the nearer tower post; but for both arms loaded the 
live load is to be taken for a span equal to the distance between 
centres of end-pins. 

For only one arm loaded^ the half -^an is to be considered 
to act as a simple span on two supports; and^ for both arms 
loaded, the entire span is to be considered continuous over 
four supports. The stresses due to the live load, with boih 
arms wholly or purtially loatied, ure to be deternuned by the 
balauced^load method. For convenience in determining the 
reactions at ends aud at centre supports for balanced loads the 
curve given on Plate IX can be used. This gives the per- 
centage of any balanced load which is supported at the outer 
end of a half«^[Mn. 

DIBAD LOADS, 

In spans over two hundred and seveuly-iive (275) feet, the 
dead load per truss is to be iuercased j)roperly from the ends 
towards the centre of spun in oi lier to cover the weight of the 
heavy truss-mem })ers, which increase in size toward the centre 
of the span. The division of the dead load between top and 
bottom chords is to be the same as specified for fixed spans. 

The dead loads from tower> drum, and turntable are not to 
be considered as affecting the stresses in the trusses, 

ABdUMSD UPXOFT hOADB. 

There will be a considerable uplift at the ends of the span, for 
tney are to be brought to a firm bearing by means of the end- 

lifiing device. The amount of this uplift per truss or girder 
is to be as.^umed as a certain proportion of the entire dead load 
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canied by one arm of the said truss or girder when the span 
is being swung, which proportion is to be taken from the fol« 
lowing table: 



Spans. 

Up to 150' . 

IW to 250'. 

250' to 350'. 
350' to 450', 
Over 450^, . 



Batios of Uplift 
to Dead Load. 



These uplifts are to be adopted both for finding the uplift 
stitssc's ill trusses and for ju ( »jH)rti*>iiin lj: the end-lifting ma- 
chiuery; provided, however, that for the latter purpose no 
assumed uplift be less (hau twenty thousand (30,000) pounds 
for single-track drawbridges or less than forty thousand 
(40,000) pounds for double-track drawbridges. 



WIND LOADS. 

The wind loads per lineal foot of span for both the loaded 
and the unloaded chords are to be the same us those spedfled 
for fixed spans, the length of span, however, beiug that of 
one ami of the draw. 

When the span is open, all the wind loa d is to be carried to 
the drum through the lateral systems. When the draw is 
closed, the wind load is to be carried to both the ends and 
the centre supports, the lower lateral system and bottom 
chords being considered to act as a continuous girder over 
four supports. The reactions at the ends and the centre can ' 
be taken from the curve for balanced live loads. 



INDIRECT WIND LOAD OK TIiA2(SFEItllED LOAD. 

The wind load on the upper chords is to be assumed to 
travel through the upper lateral system to the inner hips, 
when the span is open, then down the inner inclined posts to 

the drum, thus producing a transferred load on the leeward 
inclined post and a released load on the windward one. As 
ih^ upper lateral sj^stem is not continuous between the inner 
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hips, none of fhe wiod load on tbe upper lateral system is 
carried down the tower-posts, excepting that which coj^ies on 

the centre pauel aud the two adjaceoL paucls. In order to 
ciisure such a distribution of the wind load it is necessary to 
put DO diagonals in those panels of tbe upper lateral system 
which are adjacent to the inner hips imd between same and 
the tower. 

When the draw is closed, one half of the wind load on the 
upper lateral system of one arm Is to be assumed to travel 

down the end inclined posts, and one half down tbe inner 
•inclined posts. 

The transferred-load stress on an inclined post is to be 
found by multiplying the wind load going to it by tbe aver- 
age height of tbe top-chord panel points to which said wind 
load is applied, dlTiding the product by the perpendicular 
distance between central planes of trusses,, and multiplying 
the quotient by the secant of the angle that the inclined post 
makes with the vertical. 

The transferred -load stress on a tower-post is to be deter- 
mined by multiplying the wind loads carried by the two 
opposite posts by the respective heights at which these loads 
are applied, and dividing tbe sum of these products by the 
perpendicular distance between central planes of trusses, 

COHBINATIOSrS OT 8*CB1S88B8. 

In ascertaining tbe stresses in the trusses of swing-bridges 
the following conditions are to be considered : 

Case No. i. Greatest stresses, dead load only actmg, bridge 
swinging open. 

due No, ^, Greatest stresses from assumed uplift at end 
of span. 

Oa$e No. 3, Greatest stresses from live load on one arm 
only ; each arm being considered to act as a simple spau un 

two supports. 

C(ue JS'o. If. Greate^3t stresses from live load on both arms, 
the live load advancing from both ends toward the centre 
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until the span is fully loaded ; the latter being considered to 
act as a contiouoas girder over four supports. 

Co^No. 0. Greatest direct stresses, ou the cbords that carry 
the live load, from wind load when the bridge is open. 

(Ja8& ^o. 6. Greatest direct stresses, od the chords that carry 
the live load, from wind load when the bridge is closed and 
wholly or partially loaded. 

Case No. 7. Greatest indirect wind*load stresses or trans- 
ferred>load stresses on the lower chords when the bridge is 
closed and wholly or partially loaded. 

The lirst comI>iiULLi*)ii of these .stresses inehides Cases No. 
1, No. 2, No. 3, aud No. 4, and irives the greatest stresses for 
aii truss members fioin combined live aud dead loads, for 
which comhioation the regular speciOed iDtensities of work- 
ing-stresses are to be used. It is to be noted that wherever 
the load for Case No. % increases the total stress on any mem- 
ber, its e£Fect is to be considered ; but wherever the said load 
decreases the total stress on any member, its effect is to be 
ignored. The reason for this is IhuL the amount of uplift is 
a purely arbitrary assuniption, which possibly may never be 
realized. This method of treating the uplift-load stresses 
causes errors on the side of safety, which do not udd materi- 
ally to the total weight of metal in Ibe structure, and which 
tend to strengthen the lighter members of the trusses. 

The second combination of these stresses includes all seven 
cases, but ft is to be noticed that the only truss members 
affected by Ibe wind loads are the inclined posts at ends and 
over drum, aud the chords which carry the live load. In this 
second combination it must not be forgotten that the metal is 
to be strained thirty (90) per cent higher than in the lirst 
combination. 

For the lateral systems the following conditions are to be 
considered : 

For upper lateral systems of through-bridges and lower 

lateral systems of deck-bridges — 

Com No, 1. Greatest wiud - load stresses when span is 
swinging. 

Com No. 2, Greatest wind-load stresses when span is closed 
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and ends am raised, thus making tbe entire lower- lateral 
system with tbe bottom chords a coutinuoiis girder wiih four 
points of support. This case does not involve the presence 
of any live load on the span. 

For lower lateral systems of tiirough*bridges and ui>per 
latenl syatems of deck-bridgea— 

Ctue No, S, Greatest wind-load stresses when span is 
swinging. 

Case No, 4. Greatest wind load stresses when span is closed 
niul ends are raised, and with live load on one arm only, t! \is 
inakiiiL,^ the loaded chords with their lateml system a simple 
span with supported ends. 

Case No. 6. Greatest wind -load stresses when span Is closed 
and ends are raised^ and with the live load on both arms ooTer- 
ing same either wholly or partially, thus making the loaded 
chords with their lateral system a continuous girder with fbur 
(4) points of support. 

Tlie greatest stress on any lateral member found by these 
five couditious of wind-ioading is to be used in proportioning 
its section, and there is to be assumed no division of the wind 
load between structure and train, although the failure to 
make said division will cause small errors on the side of 
safety. 

DSTAII18 OF DXSiaN FOB PIiA*l*S^IBDEB 

DBAW-aPAN& 

Plate-girder drawbridges are to be divided into two types, 
viz.: 

l^lfpe No» 1, Continuous girders, in which the girders ad as 
continuous spaas resting on four points of support; and 

Type No, Non*continuou8 girders, lu which the two arms 
carry the live load independently of each other, the dead-load 

stresses over the pivot pier when the span is swung being 
carried hy links. 

For Type No. 1 the same combinations of stresses are to be 
used as specified for truss draw-spans, but it will generally be 
found that the wind loads do not affect the proportioning of 
the girders. 
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For Type No. 2 the loads to be coiisideied are as follows: 
Gate No, 1, Dead-load stresses when the span is swung. 

Case No. 2. Deud-load stresses for each arm acLiDg iude- 
pendently of the other. 

Qme JSo. s. Live-load stresses for each arm actfng inde- 
pendently of the other. 

The stresses iu Cases Ko. % and No. 8 are to be combined, 
but those in Case No. 1 are not to be combined with either of 
the others, tlie eifeet of reversion of stress* howerer, being 
provided for as specified for fixed spans. 

Tiic only effect of wiud load to be considered fur the girders 
of Type No. 2 is that upon the connectini,^ liuks over the turu- 
table when the spau is being rotated, for which rase the 
amount of the wiud load is to be taken at two hundred (200) 
pounds per lineal foot of span. 

In general, the spedfications for the detailing of fixed plate* 
girder spans are to govern the desiguing of plate-girder draw- 
spans, except as hereinafter stated. 

In deck, plate-girder draw-spans the girders are to be .spaced 
the same distance apart as specilied for fixed phite-girder 
spans of one half the length. For half-through, plate-girder, 
draw-spans the girders may be spaced as closely as the pre- 
Tiously specified clearance requirements will permit. 

For deck-spans four points of support on tlie drum will suf- 
fice, but for half-through spans eight points will be required. 
The diameter of the drum is to be made as small as practicable, 
but never less than eight (8) feet; and the distribution of the 
load over the drum is to be uniform. 

All girdei's are to be thoroughly stiileued at all points of 
bearing over the drum, and bearing^plates not less than one 
(1) inch iu thickness are to be used between the drum and 
all girders bearing on same. 

For spans of Type 1, when tlie length over all exceeds 
ninety (90) or at the utmost one hundred (100) feet, it will be 
necessary to splice the main crirders in tliL' lickl. These splices 
must be thoroughly miulo, shingle or staggered splices only 
being allowed; and there must be a tweuty-five («^5) per cent 
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excess of glreugth iti the details at all points tbiuf spliced* as 
previously specified for fixed plate-girder spans. 

Rigid braciog-frames are to be used betweeu main girders 
of deck-spiiDS at the points where the main girders bear on the 

drum; aud heavy, rigid, plate cross-girders resting ou the 
drum are to be used for half tli rough spans. 

End lifts must be provided for draw-spans of Type iio. 1, 
as hereinafter specified for truss^spnn drawbridges. 

For spans of Type No. 2 the centre panel is to be made with 
pin couDeciions, the bottom^chord pins restiog in pedestals, 
which furuSsh proper beatings on the drum. The top*chord 
tension is to be taken up by eye-bars, which serye as toggles 
for rjdsing the ends of s)mu. These toggles arc to be worked 
by a screw at centre of span. 

The couipressidn in buttuni tianges of girders, due to dead 
load when the span is swung, is to be taken up by struts 
hinged ou the bottomKshord pins. 

The eye-biirs of the top chords must have slotted eyes, so as 
to make sure that each half of the girder will act as a simple 
span when the live load is applied. 

Proper shoes must be provided at ends of span, with 
grooves into which the sole-plates on ends of c^irdcrs are 
loweied into place. These grooves shotdd be deep enough to 
hold the cuds of the girders securely, and the toggle at the 
centre must provide enough lift to clear the ends properly for 
turning. 

All track*rail8» guard-rails, , and stringers must be discon* 
tinuous in the centre panel so that the toggle will be free to 

act. 

The ends of each pair of girders over the drum must be 
thoroughly bniccil together. 

The end lifting arrangement of these spans demands the 
most accurate shop-work ; and in every case the whole span 
must he assembled in the shops* so that the lifting machinery 
can be thoroughly tested before being shipped. 
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D£;TAIIiS OF DESIGN FOR TBU8S£a 

The details of trasses for dnivr-spans shall comply lii 
genenil with the specifications given for trusses of fixed spaus. 
Id trusses hnidng broken top chords, that portion of said 

top chords between on\v.r iiad inner hips is to be made of rigid 
members, and that portion bclweeu Ihe iuuer hips and over 
the tower is to be made of eye- bars. 

In piu couuected trusses with parallel chords rigid mem- 
bers will be required throughout the top chord, except for the 
centre paneU in which eye-bars are to be used. In riveted 
trusses stiff top chords from end to end of span are to be 
adopted. 

The bottom chords are to be of rigid sections tbrouglioiit 
for all spans ; and for spans over tlirec hundred (300) feet in 
length provision must be made near the panel points at feet 
of tower-posts for adjust in^^, by means of shimming-plates, 
the height of the ends of the trusses. These shimming*plated 
must provide an end, vertical adjustment of one (1) inch for 
each one hundi'ed (100) feet of length of one arm of draw. 
For spans shorter than three hundred (800) feet shimmfng- 
plates beneath the cud bearings will give sullicieuL adjust- 
ment. 

Rigid portal-bracing must be used between the two in- 
clined posts at both the inner and the outer hips. These 
portals are to be carried down as low as the specified clearance 
over tracks will permit. 

In heavy spans the portal-bracing must attach to the upper 
and lower flanges of inclined posts, instead of lying in the 
gravily-plaucs of same. 

The tower nnist bv rii^ndly braced in all four faces. Tn the 
> transverse planes all the diagonals and horizonial struts 
must, gener illy, be made of Stiff members of box or I sections, 
so as to lake hold of the exterior of the posts ; and this sway- 
bracing must be carried down as low as the specified clearance 
will permit, so as to hold the tower-posts firmly to place and 
line. 

In the planes of the trusses the diagouulH are to be made of 
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adjastable rods of ample section to provide for noy poaaible 
unequal vertical wiud-pressure wben the span is open ; and 
the horizontal struts of box or I scclious are lo be rigidly at- 
tached to the colunms by large plates, to which the clevises of 
the adjuylnble rods attach by means of pins. 

A ptiir of adjustable diagonal rods or rigid struts must be 
used in the horizontal plane of each vertical panel of tower- 
bracings so as to ensure the permanent rectangularity of the 
section of the tower* 

All splices in top and bottom chords, inclined posts, and 
tower-posts are to be full splices, so as to develop the full 
streriirth of the section, even if the computed stresses do not 
demand such a strength of detail. 

Tlie upper lateral system between the inner and the outer 
hips is to be made of rigid diagonals, capable of taking bolli 
tension and compression, and transverse stmts of I section, 
that take firm hold of the upper and lower flanges of the top 
chords. From inner hip to inner hip the diagonals are to bo 
of adjustable rods ; but, as before slated, Llie rods are to be 
omitted from the panels next to the hips, so as to ensure a 
proper tr;ivel of the wind-loads to the pivot- pier. 

The transverse sway-bracing between trusses is to Ije made 
entirely of rigid members^ and is to be carried down as low as 
clearance requirements will permit. In long spans the lower 
horizontal struts of the vertical sway-bracing must take hold 
of the vertical posts at the flauges of same, so as to hold the 
said posts Urmly in position. 

DETAILS OF DRUM ANJ> TURNTABLE. 

The drum must be strong enough to distribute the total load 
from the span properly over the rollers. lo general, it should 
be made, within reasonable limits, as deep as possible, for the 
cost for the extra depth will be more than offset by the saving 

in height of pivot-pier. 

The bending moment on the drum is to be computed by the 
compromise formula, 
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wli€fre Jf = bending moment in foot-pounds, Tr= greatest 
load in pounds on one point of bearing on drum, and I = dis- 
tance in feet between pnj its of bearing. 

The drum is to be designed according to the specifications 
for oi-diBary plate girders. The web thereof shall have 
stiffeners on both sides at all points of concentration* These 
stiffeners must have perfect contact with the top and bottom 
flanges. Tbe section required for these stiffeners is to be de- 
termined by considering the entire concentration on one point 
of bearing to be carried by the said stiffeners, which act as a 
column, fixed at both ends, with an unsupported length equal 
to the de[)th of drum. StiHeners, each consisting of two 
angles, placed on opposite sides of the web must be used at 
intermediate points at distances not exceeding either the depth 
of web or three feet six (6) inches. 

Brackets to support the pinions gearing into the rack are to 
be proylded on tbe drum. They shall be built of rolled-steel 
sections, and made amply strong in all directions and in every 
particular so as to resist the greatest thrust, wrenching, or 
torsion that can possibly come from the shaft. In no csise are 
these brackets to \ye made of castings. The use of turned bolts 
for attaching the brackets to the dram will not be permitted 
where it is possible to drive riTels, as such bolts do not afford 
aufllcient rigidity to prevent the connections from working 
loose sooner or later. The splices in the web and flanges of 
drum must be such as to develop the full strength of same ; 
and the abutting ends of web and llanges must be i)laued 
. smooth, and have continuous contact. 

The drum must be made perfectly round, 550 tliat the centre 
line of web at any height will conform to the circumference of 
a circle; and, to preserve this form and brace the drum thor- 
oughly, rigid radial struts are to be run from the centre cast- 
ing to the drum, taking hold of the latter at each point of 
concentrated loading, and at intermediate points when the 
bearings are spaced more tliiin eight (S) feet between centres. 
These radial struts must be made of four angles with solid 
webs or angle lacing. At the centre they are to be liveted to 
circular plates fitting closely around the centre casting, thus 
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ancharing the drum firmly to the huter. Ofl-groom must be 
provided where these plates bear on the centre casting. Fill* 
ere are to be used beneath all atiffeners on drunt 

The drum must be assembled and the bottom must then bo 
pliuied amooth so as to provide an even bearing for the upper 
track. If it is not practicable to plauc the entire drum at 
once, then each segment thereof is to be piaoed separately ; 
but to this case the greatest care is to be taken to make the 
assembled parts form a perfect whole. 

The least thickness of metal to be uted for bottom flanges of 
drum shall be three quarters (|) of an inch, so as to provide 
ample metal for planing off the bottom, and that for the web 
ami top liaiigos one-half (A) inch. 

The upper tmck shall be made of segincnts of sufticieut 
thickness to distribute the load properly between the rollers 
and the drum. The top face of this track shall be planed 
smooth so as to form close contact with the bottom flange of 
the drum, and the lower face shall be planed conical so as to 
fit closely to the conical rollers. All joints between segments 
are to be planed smooth and to such bevel as to ensure perfect 
couUict with each other. These track segments are to be riv- 
eted or bolted to the bottom lluuges of the drum with fifteen- 
sixteenths (I}) incli rivets or bolts, placed opposite, and spaced 
not to exceed fifteen (15) inches between centres. The heacls 
of these bolts or rivets are to be countersunk in the track on 
the side next to the rollers. 

No rust-cement or any other composition is to be used be- 
tween the track and the drum. 

The low^'r track is to made strong enough to distribute the 
load from the rollers uniformly over the masonry. The bend- 
ing moment on the lower track is to be found by the formula 

where Jf greatest bending on lower tradi:, W = total load 

ou one roller, and I ~ tlistance fiom centre to centre of adja- 
cent rollers, measured on ihe centre line of the track. 

The ^mtei}t allowable t^nt^ilestresti ou the extreme tibre for. 
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caBt-atoel tcack fiXiaU not exceed eight tliousfuid (€^000) pounds 
per square inch, when the effect of impact is included. The 
' lower track shall be made in segments from six (6) to eight (8) 
feet in leuglh. All abutting eiuls of lower-track segments ure 
to be planed smooth, arc to have close contact throughout, 
and are to be bolted together by two bolts passing through 
holes in lugs cast thereon. These bolts are to be at least fif- 
teen sixteenths (|f) of an inch in diameter. 

In no case ahall the u|^>er track be less than two and one- 
quarter (2^) inches, or the lower track less than two and one- 
half m) inches thick» measuring on the central cylindrical 
surface of the drum. 

The lower track shall be anchored to the top of the ]>ivot- 
pier with bolts not less than one (1) inch in diameter, nor less 
than tif teen (15) inches long, set in place with Portland cement 
grouting. These bolts arc lo be made of soft steel, with cold- 
piessed threads and hejuigonal nuts at top, and with split ends 
and wedges at the bottom. They are to be placed in pairs 
opposite on the inside and outside of the track, and are to be 
spaced not to exceed eighteen (18) inches between centres. 

The top of the pier is to be levelled oil with neat, Portland- 
cement mortar, and the lower track is lo be set in same. It 
shall be made one and one-half (1^) or two (2) inches higher in 
the centre than at the edge, so that the water will drain toward 
the latten A small gutter or depression in the top of the pier 
is to be made Just inside of the lower track, and at the bottom 
of this depression dram-holes are to be put in, leading the 
water from the gutter down on the outside of the pier. These 
drain-holes are to l)e at least two (2) inches in diameter; and 
the tops are to be protected with screens, so as to prevent 
choking. They are to be spaced not to exceed ten (10) feet 
between centres. 

The rollers sliall be of cast steel, and are to be made solid, 
isxcepti^g only the centre hole and four or more radial holes 
that are left in the casting for the double purpose of reducing 
the weight and facilitating a rapid and uniform cooling, the 
said htdes varying in size and number with the diameter of the 
roller. 
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The foUowiDg formiilie shall be used in proportioniDg 
rollers : 

For grealest total loads, iiicludiyg impact, with draw at 
rest, 

p — 600(i; 
for loads with draw ia motion, 

where j» is the pennissible pressure in pounds per lineal inch 
of roller, and <f is its mean diameter in inches. 
In no case shall the roller be less than twelve (12) inches ia 

diameter and seven (7) inches on face. 

All rollers, and the laces of the upper and lower tracks 
which are in contact with the rollers^ are to be turned smooth 
to the forms of right frustums of cones, the yerlices of which 
intersect at the centre of the drum, so that the rollers will 
have perfect contact with the tracks throughout their travel 
around the entire circumference. 

A bearing' is to be turned in the centre of each roller for the 
radial rod, ami oil-holes are to be provided on ])0th the interior 
and the exterior ends of the rollers, so that these bearings caa 
be kept well lubricated. 

The outer ends of the radial rods are to pass through the 
rollers, and the inner ends are to attach to a circular plate 
fitting closely around the centre casting. These radial rods 
are to be provided with either turnbuckles or nuts for adjust- 
ing the position of the rollers. Only square sections are to be 
used for the rods, and ench nuist coulaia at leait one square 
inch of section. The end ot the rod passing through the roller 
must be upsf t so as to provide a turned shaft for the latter at 
least one and one-half (1^) inches in diameter. The outer ends 
of these rods are to pass through a stiff steel ring of rolled or 
built channel section, which is to serve as a spacer for the 
rollers. These channels must be made wide, but not deep» 
and their section is to be commensurate with the size of the 
turntable. They are to be held away from the rollers by 
friction -washers on the lods. 

On the inside of the rollers collars are to be forged and 
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turned on the radial rods to hold the said rollers in exact 
position on same. Turned bosses must be providtid on ])oth 
the inner and the outer ends of the rollers, to bear agaiust the 
collars aad tlio friction- washers, 

Aq ianer spacing-iiag, of sise commensurate witli the mag<« 
nitttde of the drum. Is to be attached to the radial rods. For 
large drums this should be in the form of a small curved 
plate girder lyiug in a horizontal plane and rigidly braced to 
the centre casting by radial struts that are riveted at the outer 
ends to the curved snrder and at the inner ends to a large 
circular plate which lits snugly around a turned bearing on 
the centre casting. With this detail the radial rods are to be 
dispensed with, and In their stead are to be substituted heavy 
square bars, having their outer ends detailed as described for 
the radial rods» and their inner ends attached to the circular 
girder so as to hold the bars in a position exactly radial to the 
drum. These bars should not be less than two und a half (2^) 
inches square, and the journals should not be less than three 
(8) inches in diameter. There must be nuts at both euds of 
the bars so as to move the rollers in a radial direction, and the 
inner ends of the bars are to be so attached to the circular 
plate as to permit of the correction of any slight variation of 
their axes from a trnly radial direction. 

The centre casting must be made strong and heavy, and 
must be effectively anchored to the top of pier hy eight (8) or 
more anchor-bolts not less thau one and one-fourtli (1^) inches 
in diameter and not less than three (3) feet long. These 
bolts are to be made of soft steel, with cold-pressed threads 
and hexagonal nuts at top, and with split ends and wedges at 
bottom. The least allowable thickness of metal for this cast- 
ing shall be one and one-half (1^ inches. The base shall be 
true and level: and nn even bearing shall be secured by bed- 
ding in neat, Portland-cement mortar. For heavy draws this 
centre casting is to be set well into the masonry, then grouted 
in place. 

All bearings for plates which rotate on this casting are to be 
turned smooth, and are to be provided with suitable oil- 
grooves, so they can be easily oiled. 
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Spans resting on drums of snmll diameter in proportion to 
tlie si>aii length are to be unchoreil lo the pivot-pier by nieana 
of H laru:c Hiicijor rotl in c^Mitre of pier, extending down teu 
(10) or tif icGU (15) feet into same. This rod shuil pass through 
the centre castiug aod through a box girder over the oentre of 
the drttm, which girder shall rivet into either the transverse or 
the longitiidiual girders. The lower end of the rod shall pass 
through a heavy cast-iron anchor-piece embedded In the con- 
crete of the pier. Both ends of the rod shall bo provided 
with nui8 for ad justment, and all details shall be made strong 
enough lo develop ihe full strength of the anchor-rod. The 
upper uut shall be almost, but not quite, iu contact wiih a 
large washer-plate that rests on the box girder. The size of 
the anchor-rod is to be determined by assuming an unbal* 
anoed upward wind load of five (5) pounds per square foot oo 
the total area of the horizontal projection of one arm of the 
span. 

The cap-plate for holding down the top connection-plate for 
the radial struts is to be attached to the of the centre cast- 
ing by means of a bolt tapped into same. This bolt is to be 
at least one nnd one-quarter Hi) ioches in diameter. 

The rack lor turning the span is to be made in short sec- 
tions, not over four feet long, so that in case of breakage only 
a small portion of the itwsk need be replaced. These rack 
segments are to be bolted to the lower track with tap-bolts not 
less than fifteen sixteenths of an inch in diameter, and 
spaced not to exrecd fifteen {15) inches between centres. 
There mtist be enough of ihcm in any case in any one seg- 
ment of the track to resist, with a good margin for contin- 
gencies, the entire shear (including that due to the rotating 
moment) caused by the effort of the pinion or pinions that 
engage with said segment. The least allowable thickness of 
metal in the rack shall be one and one-eighth (1}) inches. 
The ends of the ruck segments are to be planed so as to secure 
close contact, and the abutting ends are to be bolted tngetlier 
with turned bolts at least seven eighths (i) of an inch in 
diameter. 

The bottom of the rack and that portion of lower tnok 
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upon wtifch the rack benrs are to be planed 8inc»ot1i. The 

width of the base of the i;ick sliall beat h'ast two thirds (J) of 
its height; and ribs ])racing the vertical y-tortion to tlie base 
shall be provided at distances not exceeding eighteen (18) 
Inches. 

Dniinage-holes not less than three fourths (}) of an inch in 
diameter, spaced not more than two (2) feet !>etween centres^ 
shall be bored in the 1ower*track segments, starting just bach 
of the rack and leading to the outside of the track. 

The girdei*s over the dnim sliall he so arraiii^ed as to dis- 
tribute the load over it properly. The number of beariiii; 
points required will depend upon the length of span, llie 
distance fron\ centre to centre of trusses, the total load to be 
carried* and the economical size of pivot>pier* The arrange* 
ment of the supporting girders in turn depends upon the 
number of bearing points to be used. For ordinary single- 
track bridges up to three hundred (300) feet In length a very 
good arrangement of girders over drum is secured by making 
the diameter of the drum and the length of centre panel equal 
to the (listaiH e fioin centre to centre of trusses; then the mid- 
dle points of both the longitudinal and the transverse girders 
will be directly oyer the web of the drum, thus furnishing 
four points of bearing. Four more points of bearing are 
secured by putting in short diagonal girders, which connect to 
both transverse and longitudinal girders and bear on the drum 
at tbeir centres. This arrangement gives in all eight (8) points 
of suj)p()rt. 

Tlie lonj^itudinal, transverse, and diagonal girders over the 
drum shall be so designed that their rigidities will be such that 
when deflected under the load the extreme fibre-stress will be 
about the same in all the said girders. 

The bottom«chord stresses in the centre panel can either be 
earrfed by the longitudinal girders, or the bottom- chord sec* 
tious can be continued thiough the centre panel, the longitu- 
dinal girders l)eing placed above them, and steel chairs being 
inserted beneath their centres to furnish bearings on the 
drum. In case that the bottom*cbord stresses are carried by 
the longitudinal girders, ample provision must be made for 
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them, as well as for the bending stresses, in designing the 
sections for these girders. Where the clearance over the 
waterway will permit, metal can be saved by lett'ng the top 
flange of the longitudinal girder form the bottom chord of the 

truss. 

In any ari angemeut of girders over the drum, bcaring-platos 
at least one (1) inch thick must be used between the top tiange 
of the drum and the bottom flanges of the girders, iu order 
•to make tbc points of conceotration well defined, and so as to 
transmit the load properly from girders to drum. 

All girders bearing on the drum are to have stiffeners on 
both sides of their webs at all points of concentration; and in 
no case are the stiffeners to be crimped, but are to have fillers 
be!n :ith. They must have close bearings at lop uutl bottom 
llaiiL^es. and are to be proportioned in the same manner as 
previously speciHed for those on the drum. 

The rollers, tracks, drum, and girders over drum shall be 
completely assembled in the shop before shipment, all holes 
being reiamed to flt and the sections being match-marked. 
Every roller must have a true bearing on both the upi)er and 
the lower tracks during a complete revolution of the draw. 

Before the assembling of the rullcrs is done there naist be 
marked on both the upper and the lower track segnienLs a 
circle of the same diameter, which circles will come a trifle 
inside of the exterior ends of all rollers; then, after the turn- 
table is perfectly adjusted, each roller is to be marked where 
these circles touch it. After the turntable Is disconnected 
each roller is to be set up properly in a lathe, and the exterior 
periphery is to be chamfered off exactly to the points marked, 
so that when the turntable is set up in the field, if the exte- 
rior of each roller is brought exactly to the circles on the two 
tracks, the rollers will all be in their proper positions. These 
lines on the tracks will serve also afterwards to line up the 
rollers whenever the turntable is to be adjusted. 
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IfAOHINlBBT TOB TUBJXINQ TUB SPAN AND UTTINO 

THB NND8 OF BAKE 

FOWBR. 

When a draw-span is to be opened frequently, some kind of 
mechanical power must be used. The kind of power best 
adapted to any particular span depends upon a number of 
condUionSi -more especiaUy tbe location of the bridge. 

A gasoline-engine is an economic and conyenient form of 
power for small spans which do not require more than twelve 
(12) or fifteen (15) horse-power to operate. 

Duplicate electric motors, wliere direct connections can ])e 
made with electric-light or street-railway power-plants, are 
▼ery efficient, convenient, and reliable; but in no case is it 
safe to depend upon storage-batteries for power. The use of 
electric motive power is therefore confined to bridges located 
in or near towns or cities. 

Where over twelve (12) or fifteen (15) horse-power is re- 
quired for operating the spans, and where electrical connec- 
tions cannot be made, the steam-en i:iric is the best form of 
power to use, except possibly in some special cases where 
water-power can be had conveniently. 

Except in the case of short, light drawbridges, whenever 
mechanical power is employed it is necessary to apply tbe 
same to the rack by two pinions located diametrically opposite 
each other. If with this arrangement the tooth pressure be 
still too high, it will be necessary to replace each pinion by a 
pair of pinioTis 1 orated m rinse togetlier a.s inacticable. With 
pinions located far apart some kind of an equalizer must be 
employed to divide the work equally between them, on ac- 
count of the unavoidable, slight irregularities iu the tooth- 
spacing of the entire rack. When electrical power is adopted, 
the equalizing may be done by means of electrical conneetf ons 
between the duplicate motors ; but with any other power a 
mechanical equalizer between the two radial shafts must be 
employed. There will be no equalizing needed between the 
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two pioioDs of each pair, od account of their being placed so 
close together. 

With the eqiializiug arrangemcTit just specified, it is legiti- 
mate to assume an equal division of work amoug all the 
pinions thai engage the rack. 

No matter what mechanical power be used, all spans must 
be provided also with hand-operating machinery. 



Mi n?HO P OF P Jgj'M tMIKiyQ PO WER BBQUlB Bn) TOB 
OBWSELA.TIN& THB BPAN AK]> IiOTIVa TBB XBTBS. 

The power required for turning any span is to be determiued 
by the iol lowing formula; 

550" 

where W = total load ou rollers in pounds, and v — velocity 
ou pitch circle of rack in feet per second. The value of c is 
to be determined by the formula 

TtD 

where I) — diameter of i)itch-circle of rack, and t = assuuied 
time iu seconds for luruiug the draw through one fourth {\) of 
a revolution. This method gives the pouer required under 
ordinary conditions; but it is always necessary to figure also 
the power required to open the span against an assumed un* 
balanced wind-pressure. This is to be determined as follows: 

The utilmlauced wind-pressure ou one arm is to be taken at 
live (5) i iiuls per square ioul oi Uie exposed surface of the 
Uo<H aiid botli trusses. 

Let = total unbaiaiiced wind load on one arm in pounds, 
and t — velocity of travel of its centre of pressure in feet per 
second; then 

(8) H.P. = ^. 
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The viilue of v is t.) be detcnnined by assiiiiiing ;i cerlaiu 
time t, in seconds, for turning the draw one fourth (}) of a 
revolution. Let I = distance in feet of the centre of pressure 
on one arm from the centre of the drum; tiien 

(3) c = ^. 



For Mechanieal-power Turning-maehinery the greatest H.P. 
required is to be determined as follows: 

Case J. — (^0 By Formula (1) determine the il.P. required 
for turning the span in the least time in which it is probable 
that the said span will ever need to be opened. 

Com //.—(a) By Formula (1) determine the H.P. required 
for turning the span io twice the time assumed In Case I. (p) 
By Formula (2) determine the H P. required for operating 
the draw against the imbalanced wind load in twice the time 
ns9umc(l in Case I, and add together the two anioimts of H.P. 
dt teriuined by (a) and (6). The sum will be the greatest H.P. 
required for Case II, 

The greatest pressure on the teeth and torsion on shafts 
found for these two cases are to be used, the metal being straiaed 
on the extreme fibre as hereinafter specified ; but the said teeth 
and shafting must also be figured on the assumptions that the 
entire available capacity of the mnchinery is required merely 
to hold the diaw fioiii luiiiiiig uudur an excessive uiibalanced 
wind-pressure, and that under tliese cuiidiLions thq metal is 
strained twice as high as hereinafter specified. 

For Hand 2 urning machinery the H.P, required to turn 
the span in the UaU time in which it is probable that it will 
ever need to be opened by man-power is to be found by the 
forrauhi previously specified; then the number of men re- 
quired to perform this work is to be determined by assuming 
that six (6) men are equivalent to one H.P. In proportioning 
all parts of the hand-operating mnchinery there shall be 
assumed on the levers as many men as are required by the 
above method, each man exerting a horizontal thrust of one 
bundled and twenty (120) pounds. Under such conditions the 
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metal is to be strained tbe same as hereinafter specified far 

macbiuery operated by medianical power under ordinary con- 
ditions. 

mmAUA OF KA0HIN£!B7. 

All gear wheels are to be of cast steel with cut gears. To 

determine the size of any geur-wheel, the tooth-pressure on tbe 
pilch-circle is first to be found as follows : 
For gears moved by mechanicul power only, 

where II,P. = horse-power U) be transmitted by gear, t) = ve- 
locity ill feet per secoud at its pitch-circle, and P= tooth- 
pressure in pounds. 
For gears moved by hand-power, 

P = 120 JUM, 

where N = number of men, M = multiple of lever over gear 
under cuusideratiou, and = tooth-pressure. 

Having thus determined the tooth-pressure, the pitch cau be 
found by the following formula : 

p = ,025 VW> 

for gears in which the face is eiiu.il to 2^ times the pitch, 
where p ~ pitch, and F= total tooth-pressure. 

This allows an extreme fibre^tress on the teeth of eight 
thousand (8,000) pounds per square inch, which is to be the 
standard intensity for all teeth under ordinary conditions of 
operation. Bevel-gears are to be considered as only three 
fourths (|) as strong as spur-ge;irs of the same pitch and face. 
The use of bevel-gears with very thiu teeth will not be allowed, 
even though they be of standard pattern ; but special bevel- 
gears with thicker teeth than usual will have to be manufac- 
tured. 
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All geais are to be key-seated and llnlsbed la accordance 
with the practice of the hest machine-shops. All pin ions 

gearing into Ihe rack and into the large spur-wheels are to be 
shrouded on top, and the extra strength obtained by this 
shrouding is not to be counted upon in proportioning the size 
of the teeth of the pinion. 

All shafting is to be of cold-rolled steel, and is to be proTided 
with cottplings, collars, and keys for gears. 

All couplings must be strong enough to develop the full 
strength of the shafting, and must be keyed to the same, 
flange-couplings being preferred. All couplings are to be 
placed as near the bearings as practicable. 

Suitable collars are to be used wherever they are necessary 
to hold the shaf tin gt from moving longitudinally. 

The greatest allowable length of any shaft between centres 
of bearings is to be determined by the formula 



where L — the unsupported length iu inches, and d ^ diameter 
of shaft in inches. 

The din meter required for any shaft is to be determined by 
the following formula: 



where d ss diameter required, H,P. r= the horse^wer to be 

transmitted, andiV=the number of revolulious per minute. 
This will allow for all b( ndinjr that will come on any well- 
designed and properly supi^orted shaft under ordinary con- 
ditious, and provides for an extreme tibre-stress of about 
twelve thousand (12,000) pounds per square inch, under the 
assumption that the twisting moment and the bending moment 
are about equal. 

Every shaft, however, after being designed by the precediug 
formula must be checked as follows, and if found weak 
must be properly strengthened either by inerea^iini!: the 
diameter or by reducing the lever arm or arms of the bending 
moment. 



£ = 75 f d«. 
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Fini^ tod Ihe twiatiog momeiit and Uie lieudiug moment 
(induding that cauBed by the weight of the shaft iuself ) by 
oomputing the tooth-preanire, which is the force producing 
directly these moments, calling the twisting moment T and 

the bending nionieal M. The equivaleiiL twisting monieiiL 
for a cunibiDaiiou of these two moments k given by the 
^uation 

» if + |/i?M-"lrs 

where T' is Ibe equivalent twisting inoraeiit. 

The corresponding extreme iibre-stress is to be found by the 
equation 

T 

where d is the diameter of the shaft, and / is the extreme 
fibre-stress. This should never exceed twelve thousand 
(13,000) pounds per square inch for all oidinaiy conditions of 
operation, or twenty-four thousand (24,000) pounds per 
square inch for the unusual conditions of the madiinary 
stalled by the unbalanced wind-pressure when working at its 
utuioiji capacity. 

In no case is any shaft of less than two and one-quarter (2}) 
inches in diameter to be used for any part of the machinery of 
draw -spans. 

Suitable cast-iron boxes are to be provided for all bearings. 
All lK>zes, bearings, couplings, collars, etc., are to be made fn 
accordance with the best machine-shop practice. The boxes 

for the line of shafting running to ends of span are to have 
wooden siliiiiis beneatli them so thiiL the bhaft can be aligacd 
perfectly after the spjin is swung. 

The hauci-puvver turuing-machiucry is to be so arranged 
that the levers can be conveniently applied to shafts near the 
centre of span for both the turning and the end*lifting 
machinery. Shafts must also be provided for applying the 
hand -power levers to the end-lifting machinery at each end 
of the span. Suitable hand-levers are to be provided for as 
many men jis are required for operating the draw. These 
levers are to be constructed entirely of steely excepting only 



Digitized by Google 



BPECIFIGAIIONS FOB jOUUROAD DBAW-SPANS. 207 



the smaXL wooden q,uarter»n>uiid8 At the ends by which the 
men take hold. 

All iiiachiiiery shall be so urrauged tliut the 8[mii can bc 
turned completely around in eilber directioD, and so that it is 
reversible in every particular. 

END-LIFTING APPAKATDB. 

The ends are to be lifted und locked by means of a toggle 
mechauism to be operated by screws at each end of the span. 
The entire machinery is to be made strong enoii^^, with the 
previously specified intensities of workiog*8tresses, to exert an 
upward force on each end of each tniss equal to the assumed 
upUTl iu cHb€ of uiLchaiiical power ; or to transmit to the eud 
rollers tbe greatest force that the men can exert ou the liaiid 
levers, assuming that as many men will be applied tiiercto as 
are required fur the turning-machinery, and tliat each man 
exerts a horizontal thrust of one hundred and twenty (120) 
pounds, straining the metal the same as in the case where 
the power is mecfaanioal. 

In case of mechanical power, all the teeth and shafting must 
also be figured ou the assumption that the eiiiirc available 
capacity of the machinery is re(piire(l merely to start motion, 
and that under this condition the metal is strained twice as 
high as herein specihed. 

The size of screw required is to be determined by the 
following formula : 

d - .02 

where d = diameter of screw at base of threads, and P =s 
axial pressure on screw. 
The axial pressure Is to be determined for the two following 

cases, the greater pressure thus found being adopted: 
Case 

where R= total assumed upward reaction at one end of span, 
h' = greatest rise of ends when end lifts are applied, and 
^ =; travel of nut ou screw necessary to produce the rise h\ 
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The factor two (Ji) is used to allow oue buudred (100) per 
cent for frictioiL 
Com II,-^ 

where M = the number of pounds pressure the screw will 
exert for one pound applied on the lever, and N = number 
of uu'n on said iuver. By using eighty (80) instead of one 
liundred aod twenty (120) iu the above formula, tbera is made 
an allowance of thirty-three aod a third (38|) per cent for 
friction, which is certainly lower than it will ever be under 
ordinaiy working conditions. 

Assuming the coeflUcient of friction low in this case makes 
an error on the side of safety. 

For all ordinaiy conditions, Case II will give the greater 
value for P. The threads are to be standard square threads, 
and the nuts which work on tbein are to he made long enough 
to keep the greatest working unit pressure on said threads 
down to five hundred (500) pounds per square inch. 

All links used in the toggle mechanism are to be propor- 
tioned by the formula 

p=r 10.000 

where I = greatest unsupported distance between fillers, ex- 
cept in liuks in which only oue filler is used between two Hats, 
when it is to be taken as the entire distance from centre to 
centre of end pins, t = thickness of each liuk, and p = the in- 
tensity of working compressive stress. 

In no case is the diameter of any pin used in a toggle to be 
less than two and a half m) Indies. 

Rail lifts are to be provided in connection with the end* 
lifting toggle, and the mechanism therefor is to be so designed 
that the rails will not begin to rise until the end rulh^rs have 
been drawn from their Ixarini^s on the end shoes. The rails 
shall be lifted so as to clear by one (1) inch all parts over 
which they must pass in turning, under the assumption that 
the temperature of the top chords is higher by thirty (30) de- 
grees Fahrenheit than that of the bottom chords. 
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Siiitabk guide-diain for the mils near the ends of the spaa 
are to be provided beneath the same oii at least fifteen (15) 
ties from each end of the span. These chairs must be either 
spiked or bolted to tlic ties, and must liold the raiU liiaily in 
plrine. Guide-rods such as are einpli>ye(l in ordinary switch- 
work are to be used every six feet between the portions of the 
rails resting in the guide-chairs. 

The strength of ail parts of the rai]*Ufting maohinery is to 
be determined by computing the force necessary to deflect the 
two rails the required amount in a distance of twenty (80) 
feel, aud adding fifty (oO) per cent thereto for friction. 

If considered necessary for any particular span, latches are 
to be provided for holding^ the ends in place ; but under ordi- 
nary conditions the track-rails and the end rollers are all that 
will be required. 

In double-track drawbridges special attention must be paid 
to the designing of not only the lifting-gear, but also the trusses 
themselves, in order to ensure that, under the most unfavor- 
able circumstances possible, there shall be no lifting of the 
ends of trusj^es off their supports. If such a lifting were pos- 
sible, the result would certainly be the derailment of an enter- 
ing train, and consequently disaster to the span. To prevent 
such uplifting tbe trusses must be deep and very rigid* and 
the lift of the ends must be from one (1) to two (3) inches^ ac- 
cording to the length of the span. 

6HOB8 Am END-BBARING ROLLBBS. 

Rollers are to be provided beneath the end-pins of trusses 
and attached to the span by means ol links which form a part 
of the toggle. The rollers must be bored so as to fit ever the 
pins at the bottom of the links. Both the pins and the inside 
of the rollers must be finished very smooth; and xwovislon 
must be made for oiling the bearings between them. The 
allowable intensity for bearing between rollers and pins shall 
be ten thousaud (K),<)()0) pounds per square iuch of horizontal 
projection of pin inside of the roller. 

No roller shall be less than six (6) inches in diameter, and 
the pins inside of same shall not be less than three and seven- 
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dxkenUis (3^^) inches net in diameter. Tlie play between 
rollers and their pins shall not be oyer one thirty«second (^^^) 
of au inch. The links foriiiiug the support for iha inid6 uf 
trusses are to be i)roportioaed by the formula 

p = 10,000 - aooi, 

where p = iateoelty of working compressive stress, I = 
greatest unsupported length of one link, and t = thickness of 
same. 

In all drawbridges where, on account of infrequent opera- 
tion combined with great changes in temperature and great 
length of arms, there is u tendency lu diag the rollers longi- 
tudinuUy on their bearinirs, the detailing of the link supports 
must be such as to provide sulhcieut rigidity to overcome the 
friction of the rollers on their bearings, and thus permit the 
lif iing apparatus to accommodate itself to extreme changes of 
temperature without OTerstraining any of its parts. 

The bearings for rollers on the shoes shall be cupped one- 
eighth H) inch or more in depth so as to provide ample 
bearing area, using au intensity of ten thousand (10,000) 
pounds, impact being inchided in the calculaied lo:i(l. The 
shoes to receive the eud rollers may be nmde of e!fh(;r east or 
structural slecl, and are to be anchored iirmiy to the masonry. 
The two shoes at one end of span are to be connected to each 
other by means of adjustable rods not less than one and one- 
half (H) inches In diameter, and stroug enough to take up the 
entire thrust from the toggle. 

Sbimming-plates varying in thickness from one fourth (i) 
to one }ial i i i ) of an inch and of a total depth of not less than 
three (3) inches are to be used })enefith the shoes so as to pro- 
vide adjustment for the ends of the span. 

Shoulders must be provided on the shoes to furnish a bear- 
ing for the roUeiB when they are lowered by the toggle. £acli 
shoulder must be turned so as to fit the roller exactly, when 
the axis of the pin through the said roller is in the vertical 
plane of the trass. The height of these shoulders above the 
boLLum oi Liic rollers shuii be about one tiiiid of the diameter 
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of aaid rollers, bat never enough to iDVolve the poadbflfty of 

collision with the draw-8]>an during its reyohitfon and when 
the top chords thereof are thirty (30) degrees Fahrenheit 
warmer lha?i the bottom chords. 

All parts of the end-lifting machinery must be finished in 
accordance with the best machine-shop practice, and all 
sliding surfaces shall be provided with oil-holes that are easily 
accessible. 

In all cases end floor-beams with double webs shall be 
used, in order to provide proper support for the end-lifting 

muciiinery. 

Whenever spans nre to be floored for highway traffic, all 
keyholes for applying hand-levers are to be provided with 
suitable cast-iron caps. 

Whenever practicable, the end*lifting toggle machiDery Is 
to be assembled in the shops to make sure that it will work 
satisfactorily. 

HOUSBS AND SUPPORTS. 

Wherever mechanical power of any kind is to be u>cd for 
operating any draw-span, a suiiable house is to ha provided 
for same. The size of the house required will depend upon 
the kind of power to be used, and the amount thereof. Ail 
parts of the house shall be durable and strong, and shall be 
finished in a flret-dass and workmanlike manner. A sufficient 
number of windows is to be put in to light properly all parts 
of the building. Tlie house shall be platted liigh enough in 
the tower to give the required clearance beneath its ^)i]i|»orts, 
and, where shallow trusses are used, it shall be placed entirely 
above the span. The supports for the house shall be designed 
to carry the weight of the latter and that of all machinery to 
be placed therein, together with a proper allowance for live 
load. In general, steel beams shall be used for the joists sup- 
portiug the floor, and all parts of the latter shall be made 
strong enough to carry three hundred aud fifty (o50) pounds 
per squjire foo'. 

The weight of the house and its machinery must always be 
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coMidered in proportioning all pan» of Uie straciiure mhlth 
will be affected by these load^i whether the span Is to be pro* 
Tided with mechanical power at first or not, as it may become 

necessary later ou to put it in. The wind load on the house 
must also be (jonsidered in proporlioniag the tower posts and 
ail bracing between them. 

OAMBEB ANJ> DEFLECTIOir. 

The lengths of all truss members shall be soch that when 
the assumed nplift Is applied at the ends of the span* and 
when the greatest litre load is on the structure, the centre lines 
of the bottom chords from end to end of span will lie in a 

horizontal plane. The vertical movement of tlie ends, froui 
the condition of no stress iu the chords, when the weight of 
the liuished span is supported on the fnlsewoi k, to tlie condi 
Hon of the span swung, must be very carefully figured, as 
upon this will depend the camber increments or decrements in 
kffigtbs of members, the clearances, adjustments, etc. 
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CHAPTER XVL 

GENERAL 8FECIFI0ATION8 GOVBENINa THE DBBIGinNa Of 

STEEL HIGHWAY BRIDGES AND VIADUCTS. 

CliASBIFICATION. 

Highway bridges shall be divided into tliree classes, viz., 
Class A, which inclucles those lliat are subject to the couti?iued 
application of lieavy loads ; (.'lass "R, which inrliides those 
that are subject to the occaswnal application of heavy loads ; 
and Class v^bich iDCludes those for ordinary, light traffic. 

lo geneval it may be stated that bridges of Class A are for 
densely populated cities ; those of Class B for smaller cities 
and manufacturing districts ; and those of Class C for country 
roads. 

MATBRIAIifl. 

All parts of the structure, exceptlng^tlie flooring or paving; 
shall, for all spans of ordinary lengths, be of medium steel, 
excepting only that riyets and bolts are to be of soft steel, and 

adjustable members of either soft steel or wi-ought iron. For 
very long spans high steel may be used for top chords, in- 
clined end posts, pins, and eye-bars in bottom chords and in 
main diagonals of panels where there is do reverfiion of stress 
when impact is included. Cast iron will not be allowed to be 
used in the superstructure of any highway bridge or trestle^ 
except for purely ornamental work, cast steel being employed 
wherever important castings are necessary. 

213 
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JOIBT8, VhKSKS, aUAAD-TIMBBRS, AHD WOODKN HANB-AAILB. 

Joists, planks, guant railg, Imnd-rails, and all other timber 
portious of the structure shall be of long-leaf, Southern, yellow 
pine, or other timber 'which, in the opiuion of the Eugineer* is 
equally good at d serviceable. 

The sizes of the timber joists shall be such as to give the • 
requisite resistance to bending, the effect of impact being con* 
sldered ; but no Joist shall be less than three (8) inches wide 
or twelve (12) inches deep. 

As ;l rule the depth of a joist shall not exceed four (4) times 
its width. Otherwise, the joists shall be properly bridged at 
distances not exceeding eight (8) feet. 

They shall be proportioned by the formula 

where if is the greatest bending moment in inch-pounds upon 

a joist, R is the intensity of working-stress in pounds, b the 
width of the joist in inches, and d the depth ui ^me in 
inches. 

Joists shall be dapped at least one-half (i) inch upon their 
beurings, and shall have their tops brought to exact level 
before the planks are laid thereon. 

They shall be spaced not to exceed two (2) feet between 
centres ; shall, preferably, lap by each other so as to extend 
over the full width of the floor-beam ; and shall be separated 
half an inch, so as to permit the circulation of air. The out- 
side joists, however, shall abut so as to provide iiush surfaces 
from end to <^nd of span. 

Floor-planks for the main roadway shall be at least three (3) 
inches thick and from eight (8) to ten (10) inches wide, and 
shall be laid with one-quarter (}) inch openings. Each plank 
shall be spiked to each joist on which it rests by two (2) seven 
(7) inch cut spikes, the boles for which shall be bored' in order 
to avoid splitting the timber, or else by two (2) seven (7) iack 
wiic nails. 
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Wiienever a weariug-floor is used, the lower planks must be 
planed on the upper side and sized to a uniform thickoeas, 
and the wearing^floor must be pkaed on the lower side so a» 
to enenre a perfect bearing between upper and lower floors. 

Floor-planks for footwalks shall be at least two (2) inches 
thick and not much more or less than six (6) inches wide, and 
shall be laid with one-half ( J) iuch openings. Eacii of said 
planks shall be spikeii to each joist upou which it rests by 
two (2) six (6) inch cut spikes, the holes for same being bored. 

AH plunks shall be laid with the heart side down. 

There shall be a wheel-guard of a scantling not less than 
four (4) inches by six (5) inches on each side of the roadway to 
prevent wheel hubs from striking the trusses* It is to be laid 
on its flat, and blocked up from the floor by shims at least one 
(i) foul long, six {ij) inches wide, and two (2) inches thick^ 
spaced not more than seven (7) feet belweeu centres, each 
shim being spiked to the liooi by four (4) four nnd-a-half (4^) 
inch cut spikes. The guard- rails are to be bolted to the floor 
through the centre of each shim by a three-quarter ({) inch 
bolt, which must also pass through the ]oist beneath. When 
the guard-rails are bolted to the wooden hand-rail posts, the 
holt-heads hve to be countersunk into the guard-rail, so as to 
make a flush sui face on the iiiuer face of same. The joints 
in the guard-rail are to be lap-joints, at least six (0) in(;hes 
long, each located symmetrically over the middle of a shim. 
When a bridge is ou a heavy grade, the inner, upper corners 
of the guard-rails are to be covered with steel angles fastened 
to the timber by countersunk scraws, spaced about eighteen 
(18) inches apart, so as to protect the guard-rails from the 
injurious effects of using them instead of wheel-brakes for 
heavily-Iuuilc'd wagons. 

When wooden hand-rails are employed, they are to be made 
of pine, the posts being 4" X 0" X 4' 6" to 5', with two (2) 
runs of 2" X 6" timbers— one on its flat and the otiier below 
on edge to support the first for a hand-iuil — and one (1) run of 
2" X 12" hub-plank. 

The posts are to be spaced not to exceed ten (10) or, prefer- 
ably, eight (8) feet apart. The hand-railing is to be firmly 
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attached to the bridge, and rigidly braced. When the rigidity 
of a hand-raiiiuii; is dependent upon that of the outer joists, 
llie latter must be properly bridged aud stiffened. Any other 
wooden hand-railing of equal atrength and rigidity, and which 
Ib Mtkfaetoiy to the Engineer* will, however, be aeeepled. 

Wben iron hand-raiHng k employed, it is to be of a firm, 
SQbetantial pattern, pleasing to the eye, and rigidly attacihed to 
the trusses or floor-beams. Both through and deck britlges are 
to be provided with u Laod rail on each side, not less than 
three and a half (8|) feet high above the Hoor. In case lliere 
be any liability of a horse jumping over this railing, its height 
must be inereased to four and a balf (4^) or five (5) feet. 
There must be a hand-iail on the outside of each eidewalk, 
not le» tban three and a half (8}) feet in height above the 
floor. 

FLOOBma ON AFPKOACHBS. 

All Uoor-linibers, guards, and railings shall extend over all 
piei*s aud abutments, and make suitable coniiectiou with the 
embankments at tUe ends of the structure. Aprous or cover- 
joints of steel plate shall be provided at the ends of spaus, if 
required* The floors of the sidewalks shall extend, to and con- 
nect with the flocMT of the main roadway, so as to leave no open 
space between them. 

BTBl!BT-BAILBOAD TRACKS. 

Should theie be one or more street-railroad tmcks crossing 
the bridge, there must be directly under each rail a joist or 
stringer, properly proportioned to resist the effect of the total 
maximum load on the rail ; and the bending effect of tlie 
concentrated loads upon the floor-beams must be duly con- 
sidered. 

The rails shall be so laid as to offer as little obstruction as 

possible to the wheels of vehicles. 

PAVBD FliOORS. 

"Where paved floors are adopted, the pavement shall be of 
^e best of its kind, and shnll be built according to the latest 
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and most approved specifirntions. P;ived floors are always to 
be supported by steel stringers, prefci ubly of rolled I beams, 
spaced generally Qoi to exceed three (3) feet six (6) inches be* 
tveen centm. For asphalt or stone^block pavements, a 
haokled-plate floor, with concrete thereon, shall be used. The 
surface of the paTement most be thoroughly drained so as not 
to retain water, and the upper surface of the buckled plate, 
before it is covered willi the concrete, must be protected from 
rusting by a liberal use of the best obtainable presenrative 
coating. 

When wooden-block paving is adopted, it may rest on a 
timber floor from four (4) to Ave (5) inches thicks which in 
turn rests on and is spiked to timber shims that aie bolted ef- 
fectively to the steel stringers. 

All paved floors must be pitched so as to drain transversely 
to the structure; but plank floors need not be pitched, aa the 
water will drain through the quarter-inch openings, 

CLEAKANCBS. 

The smallest allowable clear roadwigr shall be twenty (20) 
feet, measured between inclined end posts, excepting for cheap 

country bridges, where it may be reduced to eighteen (18) 
feet, or eveTi to fourteeu (14) feet, in ease that the bridge be 
80 short that no provision need be made for teams passing 
thereoo. 

Hie smallest allowable clear headway shall be fourteen (14) 
feet, except for bridges in cities where the ordinances require 
a greater height. The corner brackets may, however, en- 
croach on the specified clear headway, provided they do not 
extend either laterally oi duvvuwuid more than live (o) feet. 

EFFECTIVE LENGTHS AND DEPTHS. 

See Speciflcations for Railroad Structures. 

STYLES OF BlUDGliti FOll VAKIOUS SPAN LENGTHS. 

In general, spans of and below twenty (20) feet are to con* 
sist of rolled beams or simply wooden Joists; spans from 
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twenty (20) to sixty (60) feet, of plate giiders; spuus from 
sixty (60j Lu iiiuety (90) feet, of opeii-webbed, riveted |;iiders of 
siugle cancellatiou, or piD-connected "A" U usses; uud spous 
exceediog ninety (^) feet, of piu-eonnecled trusses. 

The of pony-truss bridges of any kind is prohibited, ex- 
cepting only lialf-ihrough, piate-gtrder spims, in which the 
top flanges are held rigidly in place by brackets riveted to 
croBB-girders thai are spaced genemlly not to exceed fifteen 
(iO) ieet apart. 

FOKME OF TBUSaSS* 

The forms of trasses to be used are as follows : 

For pin-connected spans up to ninety (90) feet, the "A" 
truss. 

For open-webbed, riveted girders, the Wurreu or Triangu- 
lar girder^ with verticals dividing tlie panels ; also the Pratt 
truss, ' 

For deck-spans carrying joists on the top chords, the 
Warren or Triangular girder with verticals dividing the 
panels of the top chords. 

For spjins betweea ninety (90) feel and about two hundred 
and fifty (250) feet, Pratt trusses with lop chords either 
straight or polygoind. 

For spans exceeding two hundred and iifty (250) feet. 
Petit trusses. 

It is understood that these limitiog lengths are not fixed 
absolutely, as the best limits will vary somewhat with the 
width of bridge and the live load to be carried* 

MAIN MEMBERS OF TKLbS BiUDUfiS. 

All spans of eveiy kind shall have end floor-beams, riveted 
rigidly to the trusses or girders, for supporting the joists or 
striugei-s. 

Steel sti ingers are, preferably, to be riveted to the webs of 
the cross-girders, but wooden joists are generally to rest on 
top of the latter. 

In general, all trusses shall have main end posts inclined. 
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All traaaes shall be so designed to admil of accurate 

calculations of all stresses, excepting only such unimportant 
cases of ambiguity as occur when two stiil diagouals are used 
in a middle pauel. 

In important bridges with steel stringers, all lateral bracing 
and other sway-bracing shall be rigid above and below : i.e. 
the sections must be capable of resisting compression, adjust* 
able rods for such bracing being allowed only in towers of 
draw-spans and in the lower lateral systems of deck-bridges ; 
but, in cheap country bridges, the lateral and other sway 
diagonals may be adjustable rods. 

The stiff (liHETonals of lower lateral systems, which shall be 
of double caucellatioD, shall be riveted rigidly to all the steel 
stringers where they cross them. 

In the trusses of important bridges counterbracing the web 
shall be effected by using stiff diagonals, but in cheap bridges 
it may be done by using connters of adjustable rods. 

All through-spans shall have portal bracing at each end, 
carried as low as the specified clear headroom will allow. 
The portal struts shall be riveted rigidly to the web or both 
flanges of tlie incline:! end posts. Riveting portals to one 
flange only will not be allowed. 

When the height of the trusses Is gi cat enough to permit, 
transverse, yertical sway-bxacing shall be employed ; other- 
wise, comer brackets of proper size, strength, and rigidity 
are to be riveted between the posts and the ui)per lateral 
struts. 

Deck-bridges shall, as a matter of precaution, have sway- 
diagonals between opposite vertical posts of suihcieut strength 
to carry one half of a panel-truss live load with its impact 
allowance ; and the transverse bracing between the vertical 
or inclined posts at each end of span shall be sufficiently 
strong to transmit properly to the masonry one half of the 
total wind-pressure carried by the upper lateral system of 
the span. 

The lower lateral systems of deck-bridges may be made of 
adjustable rods iu alternate panels, thus leaving every other 
pauel unbraced* and forcing the wind-pressure from i>elow up 
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the vertical bracing and to the end^ uf the span by the upper 
lateral system. 

In important bridges, suspenders or hip verticals and two 
or more panel lengths of bottom chord at each end of spaa 
shall, preferably, be made rigid members, except that eje-bara 
are to be used for boUom chords of A" trass bridges. 

All floor-beams are to be riveted to the truss-poets in truse> 
spans, excepting in the case that eye^bars be used for suspend- 
ers or hip verticals. In such cases floor-beam hangers may be 
used, provided they be made of plates or shapes, and that they 
be stayed at their upper ends against all possibility of 
rotation* 

CONTINUOUS SPANS. 

See Specfflcatio&s for Railroad Stractures. 

■CBBBTLB'TOWBBfl. 

In general^ the descriptive specifications for railroad 
trestles are to be followed in designing highway trestles or 
▼iadttCtSy except that in cheap structures all sway*diagonals 
of towers may be made of adjustable rods, with horizontal 

struts at the pauel pointii, provided that the btiuU be rigidly 
riveted to the columns. 

GAMBEK. 

All trusses must be provided with such a camber that, with 
the heaviest live load on the span, the total camber shall never 
be quite taken out by deflection. With parallel chords, 
sufficient camber will be obtained by making the top-chord 

sections longer than the corresponding bottom-chord sections 
by five thirty-seconds i-^^) uf an inch for each ten (10) feet of 
lengtli. 

Plate girders and shallow, open-webbed, riveted girdera 
should not be given any camber. 

EXPANSION, ANCBOBAOB, AND NAHB FLATKB. 

8ee Spee^catiottS for Railroad Structures. 
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LOADS. 

The loads to be considered in desiguiug highway bridges 
and trestles are the followiog ; and all parts of same are to be 

proportioned to siistaiu properly ihc greatest stresses produced 
thereby for all possible combinations of the various loads, ex- 
cepting ouly thai the live loud and wind load cannot act to- 
gether, unless the structute carry an electric railway; for the 
reason that no person would venture on the bridge when eyon 
one half of the assumed wlud-pressure Is acting. 

A. Live Load. 

B. Impact Allowance Load. 

C. Dead Load. 

D. Direct Wind Load. 

E. Indirect Wind Load or Transferred Load. 

F. Effects of Changes of Temperature. 

When a highway bridge carries an electric railway, it shall 
be proportioned also for— 

G. Traction Load, and, 

H. Centrifugal Load. 

In calculating the stresses caused by a uniform moving load, 
the load shall be assumed to cover the panel in advance ol the 
panel point considered; but the half-pauei load going to the 
forward panel point will be ignored; or, in other words, the 
uniform load will be treated as if concentrated at the various 
panel points. 

LITE LOADS. 

The uniformly distributed live loads per square foot of Hoor, 
including the entire clear widths of both main roadway and 
footwilksi shall be taken from the curve diagram shown on 
Plate V. 

In applying these curves the span lengths used shall be aa 

follows : 

For stringers and joists, a single panel length ; for floor- 
beams and single panel suspenders with their corresponding 
primary-truss strute, two (Z) panel lengths; for hip verticals 
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of Petit trusses, four (4) panel lengths ; and for main-truae 
members, the length of span loaded when the member under 

consideration receives its maximum stress. 

lu Uie cftbc of lii iilges with exterior sidewalks, one siciewiilk 
onlj and the rondwnv ar(* to be considered loaded when pro- 
portioning tlie beam-hangers and primary truss members of 
all bridges, and when proportioning tbe main -truss members 
of all spans less than one hundred (100) feet for bridges of 
Class A, and of all spans less than eighty (80) feet for bridges 
of Classes B and C. In all other cases both of the sidewalks 
and the roadway are to be considered loaded. The eccentric 
loading increases tlie live load per truss. But, when a bridge 
has only one exterior sidewalk, the effect of the eccentric 
loading is to be considered to act upon the whole of tbe nearer 
truss, and the sidewalk is to be considered empty when cal- 
culating the stresses in the farther truss. Floor- beams of 
bridges with one or two exterior sidewalks are to be propor^ 
tioned on the assumption that, first, the main roadway is 
loaded, and the sidewalk or sidewalks are empty; and, second, 
that the main roadway is empty, and the sidewalk or .sidewalks 
are loaded, dne account being taken of the effect of reversing 
stresses as hereafter specitied. 

In addition to the preceding loads, the floor, joists, floor- 
beams, beam*hangers, and primary-truss members are to be 
proportioned for the following concentrated loads, which are, 
however, supposed to occupy a whole panel length of the main 
roadway to the exclusion of the other live loads there (except- 
ing only the electric-railway live load). 

CLASS A. 

A rofid-roller weighing thirty thousand (30.000) poun<ls, of 
which twelve thousand (12,000) pounds are conceutrutetl upon 
the roller iu front of tbe machine, and nine thousand (9000) 
pounds on each of the wheels at the rear, the distance between 
the central planes of these wheels being Ave (5) feet, and that 
between their axis and the axis of the front roller eleven (11) 
feet. The width of the front roller Is to be four (4) feet, and 
that of each rear wheel one foot eight inches b '). 
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CLASS B. 

A concentrated load of sixteen Ihouaaiid (16,0(X)) |>ouii(ls 
equally distribuleil upon two pairs of wheels, the axes of 
which are eight (8) feet apart, and the central planes of the 
wheels six (6) feet apart. ' 

CI4ASS c. 

A concentrated load of ten thousand (10,000) pounds dis- 
tributed iii tiie same manucr as for Class B. 

The road-roller load is assumed to be e<iii;il]y divided be- 
tween all of the joists that it can cover, and the wheel loads 
for Classes B and C equally between two joists. 

In case that the highway bridge or trestle carries a single* 
track line of electric road, that one of the four car or train 
loads, shown on Plate YI, which most closely approximates 
to the greatest railway load that will be carried by the 
structure is to be adopted, and is to be assumed to occupy 
ten (10) feet in width of the entire clear roadway of the sj)an 
to the exclusion of all oilier live loads on anid ten (10) feet, 
except as hereinafter specified for floor-beams and primary* 
truss members. 

The equivalent uniformly distributed live loads, given by 
the curves on Plate YI, are to be used when making compu« 
talions instead of the concentrations just specified. 

The iniiui( t allowance for these electric railway loads is to 
be taken from the Specifications for Hailroad Suuclures. 

The floor system and primary- truss members are to be 
Hgured for these electric train loads when passing either the 
road-roller or the heavy wagon-load; and the trusses as a 
whole are to be figured for a uniform load found by combin- 
ing the equivalent electric load, considering it to occupy ten 
(10) feet of roadway, together with its impact allowance, with 
the regular uniform live load per square foot of tkhu on the 
remaining width of ciear roadway, together with its proper 
impact allowance, provided thai the equivalent live load per 
lineal foot for the cars, plus the proper impact allowance, ex- 
ceed the regular live load for a ten (10) foot width of roadway. 
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plus its proper impact allowance. If it do not so exceed, the 
regular uniform live load is to be employed. 

IICPACT'ALLOWANCB LOAD. 

The impact-allowance load is to be a perceutage of the uni- 
form live load, found by the formula 

J0000_ 
jL + 150* 

where P is the percentage and L the length in feet of span or 
port ion of ;?pan that ig covered by the live loud, wlien the 
member considered is subjected to its maximum stress. 

DEAD LOAX>. 

Bee BpecificatioDS for Railroad StnictureB. 

WIND LOADS^ 

For highway structures the wind loads per lineal foot of 
span for both the loaded and the unloaded chorda are to be 

taken from the curves shown on Plate VIII. 

This diagram was figuiiid torn clcjir roadwa} of twenty (20) 
feet. For wider structures, the; wind loads nre to be increased 
two (2) per cent for each foot of width iu excess of twenty 
(20). 

The wind loads given on the diagram have been computed 
from detailed designs for simple spans up to seven hundred 
and fifty (750) feet in length, but beyond this limit they have 

been assumed; consequently, in designing spans of greater 
length than this, it will be necessary to check the assumed 
wind-pressure after tlic sections are proportioned, using au in- 
tensity of twenty-five (25) pounds |>er scpiare foot. 

The intensities employed in preparing the curves yaried from 
forty (40) pounds for very short spans to twenty-five (2^ 
pounds for very long ones. 

For viaducts, the wind-pre?sure on the empty structure fa 
to be assumed as three hundred (800) pounds per lineal foot 
on the spans at the level of the tloor, and two Iiundred and 
fifty (^) pounds for each vertical foot of each entire tower. 
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The wind loads for loiigidulinal braciug are to be taken as 
seven tenths (0.7) of those for the Imnsvcrse bracing. 

For viaducts cai rying electric trains, the wind loads are to 
be taken from the Specifications for Railroad Stractures. 

All wind loads are to be treated as mofdng laadB, 

IKDIBBCT WIND LOA0 OB TBANSFBRKBD LOAD. 

See Specifications for liailroad Structures. 

TRACTION LOAD. 

See specifications for Baiiroad Structures. 

CBNTBIFUGAL LOAD, 

See Specifications for Railroad Structures. 

BFFBCTS OF OHANOBS OF TBICPBRATUBB. 

See Specifications for Railroad Structures. 

UTTENSIOmS OF WOBKINGKBTBE8BB8* 

See Specifications for Railroad Structures. 

BEARINGS UPON MA60KRT, 

See Specifications for Railroad Structures. 
See Specifications for Railroad Structures. 

mST BBCTION. 

See Specifications for Railroad Structures. 

BBNDINO UOMBNTS ON PIKB. 

See Speciticalions for Railroad Structures. 

COMBINATIONS OF ^TRESSES. 

The Specifications for Hailroad Structures uv(]nr this head 
ing are to be followed, with this exception : in bridges and 
viaducts that do not carry trains, the live load and the wind 
load are assumed not to act simultaneously. 
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B£NPING ON TOP CHORDS. 

See Speciflcations for Bailroad Structures. 

• The SpeciflcatioDB for Bailroad StmctuFes under tbto bead, 
ing are to be followed, with this exception: in bridges that do 

not carry traius, the live load and the wind load arc assumed 
not to act simuUuueously. 

BBKDINO DUB TO OF MBMBBB. 

See Specifications for Bailroad Structures. 

GENEUAl. LiMITb IN DESIGNING. 

The followiDo: general limits shall be adhered to in deaign- 
ing highway bridges and viaducts : 

The perpeodicnlar distance between oentral planes of trusses 
shall never be less than one twentieth (^) of the span. 

The length of any bracket cantilevered beyond a truss or 
girder shall never exceed one Lalf of the perpendicular distance 
between the cenind planes of ad jacent trusses or girders, unless 
there be more than two trusses to the span. 

No metal less than five sixteenths {^^) of an inch in thick- 
ness shall be used, except for filling-plates; and in important 
bridges this limit shall be increased to three eighths (i) of an 
inch. 

The least allowable thicknesses of webs of rolled I beams 

shall be iis follows: 

S4" I beams webs. 

20 " i 

18 " ^ 

15 I " 

12 " " 

No channel less than six (6) inches in depth shall be used 
exc pt for lateral struts, in which five (5) inch diannels may be 

employed. 

No angles less ^han 2^" X 2^' X ff" sball be us^d except 
for laping, 



Digitized by Google 



8P£CIFICAliOi(4 SOB, 8I££L HIGHWAY BEIDGBS. 2)67 



Ko eye-lMU'8 leas than three (8) iiidies deep or five eighUia (f ) 

of an inch thick sbnll be employed; and the depths of eye bars 
for chords and main diagonals shall uut be less than one 
sixUeth (^) of the borizontal lengtb of same. 

Ho adjustable rod ahall have less thaa three quarters (|) of 
a square inch of croas-Bectlou. 

The ahorteat span length for trusses with poljgonal top 
chords shall be one hundred and sixty (160) feet. 

The limit of span length in which steel stringers can he 
riveted coutiiiuously from end to end of spun shall be two 
huiulred (200) feet. Beyond this limit slidiug bearings must 
be Uftcd at one or more intermediate panel points ; and in no 
spiin shall there be a length of continuously riveted stringers 
exceeding two hundred feet. 

For all compression-members of trusses and for columns of 
viaducts the greatest ratio of unsupported length to least radius 
of gyration shall be one hundred and twenty (120), excepting 
those members whose main function is to resist tension. In 
these the linuL may be raised to one huntlrcti and fifty (150), 

Tlie corresponding limit for all struts belonging to sway- 
bracing shall also be one hundred and fifty (150)* 

OXSNHBAJLi PBINCIPLICS IN DESIGNING Alili HIOH-' 

WAY STHUCTUHJCS. 

See SpecificatioQ for iiailroad Structures. 

In geneml, ihc specifications for riveting given for railroad 
structures shall apply :i\so to highway structures, except that 
in the latter the diameters for rivets may be reduced to three 
quarters (f) of an inch for ordinary work. 

BBTATLS OW DESIGN TOB BOIiIiXD I-BNAH 8FANS. 

Rolled I beams used as longitudinal girders shall have, 
preferably, a depth not less than one lifteenlh (^) of the span. 
They shall be proportioned by their moments of inertia. The 
spacing shall generally not e^C^d three (8) feet six (^) inches. 
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PvoTided tbat wooden shims be bolted to the top flauges for 

spiking the planks thereto, no sway-bracing will be required ; 
but otherwise it must be used. Kach I beam is to have at each 
end a pair of stiffenini^ angles, lilting tiglitly at boih top and 
bottom to the tiangcs, to carry the load to the masonry and to 
form part of the end braciog- frames. Each pair of girders is 
to have a braciog-frame at each end; and under each end of 
each 1 beam there is to be riveted a bearing-plate of proper 
area and thickness (never less than five eighths [|] incli) to 
distribute the load uniformly over the inasoury, said j^late 
beinff bolted effectively to the latter, with due i>ro vision for 
expansion and contraction. 

BXTAIL8 Ol* I>S8I0ir FOB FI1ATB.GIBDIS& SPANS. 

In designing plate-girder spans for highway structures, the 
corresponding specitications lor railroad structures are to be 
followed, except that the deptlis of girders shall preferably be 
not less than one twelfth (^) of their span, that metal five- 
sixteenths (-f^) inch thick may be used, and that the stiffening 
angles may be made as small as two and a half by two 
and u half i^'^i) laches. 

DSTAUiS OV DESIGN FOR OPBN-WEBBSD, BIVSiTSD 

OLBDSB SPANS. 

See SpeciUcations for liaihoad Structures. 

OBTAILS OV DXSiair FOB Pm-CONKIICTBD SFAH8. 

The sections of top chords and inclined end posts of through- 
spans shall consist, generally, of two rolled or built channels 
and a single cover-plate. In the case of built channels, the 
section of the member must be so proportioned as to bring its 
centre of gravity as near as possible to the middle of the 
webs. 

Main vertical posts shall generally be composed of two 
laced channels, preferably rolled ones, although built chan- 
nels may be used where large sections are required. 
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Secondary vertical posts may be made of two rolled clian- 
nels laced, or of four iingles in the form of an 1 with a single 
line of lacing. These secondary vertical posts should be 
riveted to the top chords instead of being pia- connected 
thereto, as iu the case of the maia yertical posts. 

The channels of vertical posts may have their flanges turned 
either inward or outward, as desired, or so as best to suit the 
general detailing of the truss* 

Still bottom chords and inclined web-struts may be made of 
either two cliuiinels wiih two lines of lacing or of four angles 
with one Hue of hieing, the use of trussed eye-bars for struts 
beiug prohibited. 

Upper lateral struts, overhead transverse struts, and web- 
stiffening struts shall preferably be made of four angles with 
one line of lacing. In case, however, the said angles be 
spaced very far apart, as in lateral struts connecting deep top 
chords, I hey are to be placed on the corners of a rectangle, 
with iheir legs turned inwai'd, and laced ou all four faces of 
the box strut thus formed. 

Eye- bars are tu l)e used for ail bottom chords and main 
diagonals that do not require to be stiffened. 

Counters, when employed, can be of either rounds, squares, 
or flats. These and all other adjustable members are to have 
tlieir ends enlarged for the screw-threads (unless soft- steel, 
cold-pressed threads be used), so thai the diameter at the bot- 
tom of the thread shall be one eighth (J) of an inch greater 
than that of tlic body of a round rod of area equal to that 
of the adjustable piece. 

Diagonals for upper lateral systems and vertical sway- 
bracing shall, preferably, be built of four angles In the form 
of an I, with a single line of lacing; but for structures where 
this section would involve an extravagant use of metal, two of 
the angles, one at the top and one at the bottom, nuiy be 
omitted, thus making each strut consist of two angles laced, 
provided, of course, that where tbe struts cross they shall be 
rigidly connected by two plates of ample size. This unbal- 
anced section for such diagonals is to be avoided whenever il 
can be done without undue use of metal. In no case, though. 
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^11 it be permissible to use nntrles !n tension tbnt are not 
capable of resistiug properly the possible compressive stresses, 
with due regard for the specified limit of ratio of uusup- 
ported length to least radius of gyration. 

In cheap highway bridges the lateral diagonals may be made 
of adjustable rods with right and left clevises at their ends, 
by which tliey are to be connected through pins to corner* 
plates that arc riveted to both the lateral strut and the ti uss 
member. The ordinary dt'tail consisting of two or three short 
pieces of tingle riveted on top of tlie cover-pliite, and between 
two of whici) the rod lies, will not be permitted. W lie re 
adjustable rods are employed, the struts to the ends of which 
they attach must be figured for a total compressive sti'ess equal 
to the sum of the components (in the direction of said strut) of 
the greatest allowable working-stresses on all of the adjust* 
able rods meeting at one end of said strut. While this 
method gives an excessive stress for the strut, the effect will 
be a desirable error on the side of safety and rigidity. 

In designing transverse lateral and overhead struts and their 
connections, it must be remembered that their main function 
is to hold rigidly the chords or posts to place and line» and not 
merely to resist as columns the greatest calculatied direct 
stresses to which they may be subjected. For ibis reason 
such struts should have ample section for rigidity, and the 
coaiiecting plates at their ends should grip both connected 
members effec'tively. 

Where built stringers are useti for the floor system, they 
shall be made without cover-plates, and generally of the 
economic depth in respect to total weight of metal, but never 
less in depth than one fifteenth (^) of the span. No splices 
will be allowed in their flanges nor any in their webs, pro- 
Tided that sufficiently long web-plates are procurable. The 
compression-llanges shall be made of the same gross sectiou 
as the tension-flanges, and they shall be so stiffened that the 
unsupported length shall never exceed sixteen (16) times the 
width of tlange. Rigid diagonal bracing of angles is to bo 
used between the top flanges of such stringers, unless they be 
held rigidly in place by the flooring; and rigid bracing-frames 
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are to be employed between the cuds of adjacent stringers at 
all expansion points. Where such stringers are used, the 
lower lateral system must iuyariably coosist of rigid aectious, 
each piece being riveted to each strioger where it crosses the 
same. 

In respect to stiffening angles for stringers, the rules goYern- 
ing those for plute-girder spans are to be followed ; but the 
end stiffeners are to be faced or otherwise treateti us to 
make the stringers of exact lengtli throuijhoiit, and so as to 
effect a uniform bearing of the end sliileuers against the webs 
of the cross-girders. 

In respect to the proportioning of iiangee and number of 
rivets required, the rules given for plate-girder spans are to 
apply also to stringers. The said rules are to apply to cross- 
girders, as shall also those relating to stiffeuers, splices, cover- 
plates, and size of cumpression-tlaiiges, that are given fur 
plate-girdei .spans. Wherever it is necessary to notch out the 
corners of the cross-girders to clear the chords, the greatest 
care must be taken to provide an adequate means for trans- 
ferring the shear to the posts without impairing either the 
strength or the rigidity. If necessary* in through-bridges, the 
vreb of the cross-girder may he divided into three parts so as 
to let the end portions project above the top flange and form 
brackets tli.it will afford opportunity for using aa ample; ntiin- 
ber of rivets lo ( oiinect to the posts, and will strengthen prop- 
erly the otherwise weakened cross-girder. 

All plates, angles, and clmunels used in built members of 
trusses must, if practicable, be ordered the full length of the 
member ; otherwise the splices must develop the full strength 
of the member without any reliance being placed on the abut- 
ting ends for carrying compression. 

But in total splices at the ends of sections perfect abutting 
of the dressed ends is to be relied upon, Uowever, the ^j) lice- 
plates even there must be of ample size aud strength fur both 
rigidity and continuity. 

The unsupported width of plates strained in compression, 
measuring between centre lines of rivets, shall not exceed 
tUrty-two (32) times their thickness, except in the case of 
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cover-plutcs for top diords and incllaed end posts, where the 
lirail may be increased to forty (40) times the thickness. 

Where webs are built of two or more tbickuesses of plate, 
the rivets tb at are used solely f(.r innkiiig the several thick- 
nesses act as one phUe shall in no case be spaced moie I baa 
(12) inches from each other, or from other rivets counecting 
said component thicknesses together. The least allowable 
thickness for such compoand web*plates sluUl be one (1) inch. 

The open sides of all compression-members composed of 
two rolled or built channels, with or without a cover- plate, 
shall be stayed by tie-plates at ends and by diagonal lacing-bars 
or lacing angles at intermediate points. Lacing-bais may be 
connected to the Gauges by either one or two rivets at each 
end ; but laciug angles, which are used for members of heavy 
section only, must be connected by two rivets at each end. 

The tie-plates shall be placed as close as practicable to the 
ends of the compression-members. Their thickness shall not 
be less than one fiftieth (^^^) of the distance between the centre 
lines of the rivets by which they are connected to the flanges, 
unless said tie-plates be well stillened by antrles, in which case 
they may be made as thin as three eight iis ( y of an inch. 
The length of a tie-plate shall never be less than its width, or 
one and one-half (1|) times the least dimension of strut (un- 
less it be close to a web diaphragm of the member, in which 
case it may be made as short as twelve (12) inches), and 
seldom greater than one and one-half (1^) times its width. 

The thicknesses of lacing-bars shall never be less than 
one fiftieth (-'q) of the length between centres of tlie end rivets, 
measuring between inmost rivets iu case that. there be more 
than one rivet at each end. 

The smallest section for a lacing-bar ^^hnll be one and three- 
quarter (1}) inches by five sixteenths {f^) of an inch, which 
size may be used for channels under eight (8) inches deep ; 
and the largest section shall be two and a half (2^) inches by 
seven-sixteenths {^^) inch, which size shall be used for chan- 
nels fifteen (15) inches deep. Fur intenuediate sizes of chan- 
nels, the sizes of lacing-bars shull be interpolated. For all 
built channels of greater depth lhau hfteeu (15) inches, and 
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for all cases where a laciug-bar would require a greater thick- 
ness than seveu sixteenths (^) of an inch, angle lacing is to be 
used, the smallest section for same helug ^' x X and 
the largest 2|" X 8J" X f- 

In general, the inclination of laciug^bars to axis of member 
shall be about sixty (60) degrees ; but fur members of minor 
import;ince the said inclinalion mtiy be made sligiiily ilitUer. 

Piu-plates shall be used al all pinholes in built members, 
for the double purpose of reinforcing for the metal rut away 
and reducing the intensity of pressure on pin and bearing to or 
below the specified limit They shall be of such size as to 
distribute properly, through the rivets, the preasuro carried by 
such plates to both flanges and web of each segment of the 
member, and shall extend at least six (6) inches within the 
tie-plutes of said member, so as to provide for not less than 
two (2) transverse rows of rivets there. 

When the pin ends of compression-members are cut away 
inlo jaw-plates or forked ends, for ibe purpose of packing 
closely the various members connected by the pin , these jaw- 
plates or post extensions shall be considered as columns^ the 
thiclcness of each of which shall be determined by the follow* 
lug formula: 

jp = 10.000 - 300j ; 

where pis the greatest allowable intensity of working-stress 
(impact being considered); I is the unsupported length in 
inches^ measuring from the centre of the pinhole to the 
centre of the first transverse line of rivets beyond the point at 
which the full section of the member begins; and t is the total 
thickness in inches of one jaw. The length I is always to be 
made as small as practicable, and in cases of unavoidably long 
extensions the plates are lo be stiffened by an interior dia- 
phragm composed of a web with four, or somctimeii only two, 
angles. 

It is always better, whenever practicable, to avoid cutting 
away the ends of channels ; but; if they must be trimmed » the 
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eods mufll be reinforced so tbat the strength of the member 
shtill not be reduced by the trimmiug. 

In riveted teusioQ members tlie net section throiii,^!! any pin- 
hole shall liave un area fifty (50j per cent in excess of the net 
Ht'ctional area of tlic body of the member. The net section 
outside of the pinhole along the centre line of stress shall be 
ut least sixty-five (65) per cent of the net section through the 
pinhole. 

Pins are to be proportioned to resist the greatest shearing 
and bending produced in them by the bars or struts which 

they connect. No pin is to have a diameter less than eight 
tenths ( j\) of the deptli of the deepest eye-bar coupled thereon. 
No pin is to have a smaller diameter than two and a half (2^) 
inches. 

Lower chords are to be packed as closely as possible^ and in 
such a manner as to produce the least bendhig moments on the 
pins ; but adjacent eye-bars in the same panel must nerer have 
less than one-half (i) inch space between them, in order to 

facilitate painting. The various members attached to any pin 
must be packed as closely as practicable, and all interior vacant 
spaces nnist be tilled with steel filler^, where their omission 
would permit of motion of auy member on the pin. AU bars 
are to lie in planes as nearly as possible parallel to the central 
tniss plane. 

In detailing I struts composed of four angles with a single 
line of lacing, the clear distance between backs of angles shall 
never be made less than three quarters (J) of an inch, In order 
to permit the insertion of a small paint-brush. 

The crrcatest allowable pressure upon expansion rollers of 
fixed spans, when impact is considered, shall bedeteruiiued by 
the equation 

p = 600d, 

where p is the permissible pressure in pounds per lineal inch 
of roller, and d is the diameter of the latter In inches. The 
least allowable diameter for expansion-rollers is two and a 

quarter (2^) inches. 
Hollers shall be enclosed in boxes made practically dust- 
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t!gbt» but which will not retain water, aud which are so de- 
signed that the sides can be readily removed for tlte purpose 

of cleauing. Tlii'Se boxes must be so desii^Qed as to permit of 
the free inovemeut of the rollers iu the lougiludiiml <liie( ii<ni 
of span sufficient to take up the extreme variations in leui^lh 
due to temperature changes and deflection, aud at the sanio 
time prerent any transverse motion of the eod of spau. 

All shoe-plates, bed-plates, and roller-plates are to be so 
stiffeued that the extreme fibre-stress under bending, when 
impact is Included, shall not exceed sixteen thousand (16,000) 
pounds per square inch. 

Pedestals shall be either of cast sleel or built up of plates 
aud shapes. In built pedestfds, all bearing-surfaces of the 
base plates and vertical beaiiug-plates must be planed. The 
Tertical plates must be secured to the base by angles having 
at least two rows of rivets in the vertical legs; and the said 
vertical plates must bear properly from end to end upon said 
base. No base-plate, vertical plate, or connecting angle shall 
be less than five-eighths (|) of an inch in thickness. The verti- 
cal plates shall be of sufficient height, and must contain 
enough metal and rivets to distribute properly the loads over 
the bearings or rollers. The bases of ail caat-steel pedestals 
shall be planed so as to bear properly on the masonry or 
rollers. 

All rollers and the faces of base-plates in contact therewith 
are to be planed smooth, so as to furnish perfect contact be- 
tween rollers and plates throughout their entire length. 

Heads of eye-bars are to be made of such dimensions that, 
\vheu the bars are tested to destruction, they shall lnoak in the 
bwly and not in the eyes ; and, in the case of loop eyes, so 
that they shall not fail in the welds. Rods with bent eyes 
shall not be used. In loop eyes, the distance from the inner 
point of the loop to the centre of the pinhole must not be less 
than two and one half (2i) times the diameter of the pin, and 
the loop must fit closely to the pin throughout its semi-cir* 
cumferciice. 
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DUBTAWB or rmemisr tob vtabxtots. 

The specificatioDS for the Details of Design for Trestles 
and Elevated Railroads" are in general to l^e followed as far 
as they will apply in the designing of higbway viaducts, tlie 

principal variation being that, for cheap structures^ adjustable 
rods with clevises may be substituted for the stiff dinironHls in 
the four faces of the braced towers, by adding, of course, hor- 
izontal struts at the panel points of the transverse and longi- 
tudinal bracing. These struts must be riveted to the columns 
by means of wide plates to which the clevises attach, and 
must never be pin- connected. Corner horizontal plates are to 
be employed for attaching the horiziintal adjustable rods by 
means of clevises, each of said plates being riveted to both a 
trans versfj and a longitudiual bracing strut. 

The detailing for the lougiiudinal girders of viaducts and 
the bracing between snme shall comply with the specifications 
for detailing highway plate or open-webbed, riveted girder 
spans; and the specifications for wooden floor system, paving, 
hand-rails, etc., shall be the same for highway viaducts as for 
highway bridges. 
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CHAPTER XVIL 
SPECIFICATIONS FOB HiaHWAY DRAW-fiPANS. 

These specifications will be given principally by reference 

to the { levious specifications for liailroad fciUuctarea, Higl^- 
way Bridges, and Railroad Draw -Spans. 

QTBWTBKATi DXSGBXFTIOB'. 

CLASaiFICATION. 

See Specifications for Highway Bridges. 

1IATBBIA10. 

See Specificatiuus ior Railroad Draw-spans. 

JOISTS, FI4AKK8, GUARD-TIMBERS, AUD WOODBN 

HAKD-BAIL8. 

See SpeeificatioDs for Highway Bridges. 

FLOOBINO OK AFPBOAOHBB, 

See Specifications for Highway Bridges. 

STEEL RAILROAD T HACKS. 

See Specifications for Highway Bridges. 

PAYED FLOOBS, 

See Specifications for Highway Bridges. 

CLEARAHCBS. 

See specifications for Highway Bridges. 

287 
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EFFECTIVE LBNOTHS AND DEPTHS. 

See Bpedfications for Railroad Structures. 

STYLES OF BRIDOEB FOR VARIOUS SPAN LENGTHS. 

For spaos up to ooe hundred and forty (140) feet in length, 
plate-girder spans are to be used. These plate-girder spans 
may be made to act as continuous girders over the pivot-pier, 

or may have pin -connections over the drum» so that when the 
live load is applied lliey will act as two separate spans. The 
f( inner st^ le is geiierHlly preferable us a matter of erouomy in 
time of operation, there being uo important reason tor raising 
the euds to any great extent, as there is in the case of railroad 
draw-spans. 

For spans between one hundred and forty (140) and two 
hundred and twenty-five (225) feet, pin^couDected Pratt 
trusses with parallel chords are to be used. 

For spans between two humhed and Iwenty-liv ) feet 
and three hundred (300) fe<'t, i in-connected Pratt trusses with 
broken top eiiords are to be employed. 

For spans of over three huudred (300) feet» pin-connected 
trusses with subdivided panels are to be adopted. 

It is undefstood that these limiting leugths m not fixed 
absolutely, as the best limits will vary somewhat with the 
width of bridge and the live load to be carried. 

The proper truss depihs for all cases cannot "well be 
specified, as they will depend uj>on various considerations, 
such as ai^pearance, economy, width of structure, cic. 

In all cases the top chords are to be of rigid members, and 
inclined posts are to be used at ends and over drum, aa 
specified for railroad draw-spans. 

MAIN MBMBBBfl OV TBUBB DRAW-SPARS. 

See Specifications for Highway Bridges. 

IiOADS. 

See Specifications for Railroad Draw-Spans. 
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LITE LOADS. 

See Specifications for Highway Bridges ; and, for the 
manner of applying live loads to draw-spaas, see Specifications 
for Railix>ad Diaw-BpaBs. 

IMPACT-ALLOWANCE LOAD. 

See Specifications for Highway Bridges. 

DEAD LOAD. 

See SpecificatioQs for Railroad Structures. 

ASSUMED UPLIFT STRESSES. 

See SpecificalioDfi for Railroad Draw-Spons. 
The iaferior limit of uplift for designing the machinery of 
lig^ht highway drawbridges is to be taken at ten thousand 

(10,000) pouudji at cacli of tine four corners of the span. 

WIND LOADS. 

See Specifications for Highway Bridges. For method of 
using the wind loads, see Specifications for Railroad Draw* 
Spans. 

INDIBECT WIND LOAD Oli TRANSFERRED LOAD. 

See Specifications for Railroad Structures. For method of 
dealing with this load, see Specifications for Railroad Draw* 
Spans. 

•INTENBITIB8 07 WOBKmO-8TBB8S]S8. 

bee Speciiicalions for Railroad Structures. 

BBARINOS UPON MASONBT. 

See Specifications for Railroad Structures. 

REVEBSINO STRESSES. 

See Specifications for Railroad Structures. 

NET SECTION. 

See Specifications for Railroad Structures. 
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BSNDUiO MOMEKTS OS FIfi& 

See Si>ecificalioiis for Railroad Structures. 

COXBOrATIOKB OF 8TBB8BB& 

See SpecificatioQis for Kailroad Draw-Spanji. 

It Is to be observed, bowever, tbat, for spans which do not 
carry trains, the live load and the wind load are assumed not 

to acl siiuuilaiieously. 

BBNDIHO ON TOP CHOBDB. 

See Specifications for Kailroad Structures. 

B£ND1I9G ON INCUNfiD BND POSTS. 

The Specificatloos for Railroad Structores under this head, 
ing are to be followed with ttiis exception : in bridges that do 

not cany iiuiDS, tlie live loud aud the wiud load are assumed 
not to act simultaneously. 

BENDING BtJE TO WBIOHT OF MRMRKR. 

See specifications for Railroad Structures. 

QByiSBATi LIMITS IN DBSiaJTINa. 
See Specifications for Highway Bridges. 

See SpecilicatioQS for Railroad Structures. 

See Specifications for Highway Bridges. 

DUTAILB OS* BBSXGN FOR FI.A.TB-aiBDXB DRAW- 
SPANS. 

The specifications for the corresponding item in the Specifl- 

catious for Kailroad Diaw-Spuas are to be followed, with the 
following exceptions : 

1st. The perpendicular di«;tanc<'s between central planes of 
girders will be made to suit the general requirements; and. 
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2d. Al leabl eight (8) points of support on the drum will 
be needed. 

J>BTAXL8 OF BESIQl^f FOB Pm-CONNItOTBD 

The specifications for the oomspondiug item in the Speci- 
fications for Hi4j:hw;L\ Hridges me to be followed, and in addi- 
tion thereto those given under the headine^ ** Details of Design 
for Trusses of Draw-Spans" in the Speciticatious for Raihoad 
Draw-Spaas are to be employed, except that the use of adjust- 
able members for lateral diagonals will be permitted in the 
case of cheap highway draw-spans. 

BSTAHiS of DBUMS ANJ} TUBNTABXiJEIB. 

In general the Specifications for the corresponding item in 
the Specifications for Railroad Draw-Spans shall be followed, 

except tliat, for light, liighway draws, the HmiUng thicknesses, 
etc., may be reduced to the following : 

Top flanges and webs of drums — three eighths (|) of an 
inch. 

Bottom flanges of drams— five eighths (i) of an inch. 
Upper track segments— one and three-quarter (If) inches. 
Lower track segments-— two (2) inches. 
Bearing- pi ales over drum — ^three quarters (|) of an inch. 

Centre casting on pivot-pier — one (1) inch. 
Anchor-bolts for same — one and one-eighth (IJ) inches in 
diameter ami two and a half (2J) feet long. 
BoUeis — ^ten (10) inches in diameter and six (6) inches face. 

MACHOOIBT F OBTTmNm O THE SPAN AND IiIFTINa 

TH3D XSNDB OP SAMIB. 

See Specificaiicns for Railroad Draw-Spans. 

METHO D OF D ETBB MmflJSrQ PO WER B E QUIB ED FOB 
OPERATING' THE SPAN AND UFTINO THE ENDS. 

See Speciflcations for Railroad Draw- Spans. 
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dbtahiS ow maohinbbt. 

OPBKATING MACHINERY. 

See SpecificatioDS for Railroad Draw-Spwifl. 

END LIFTING APPARATUS. 

See SpecificalKHis for Raili'oad Dmw-BpaDS. 

8HOBS AKD EIXB SKABISQ HOLVRBB, 

See SpecilicatioQS for iiailroad Draw-Spana. 

HOU8B8 AND SUFFOBTS. 

See Speciticatious for liaihoud Diaw-Spaiis. 

OAMB£& AND D£j9%£GTX02r. 

See Specifications for iiaiiroud Di aw -Spans* 



CHAPTER XVm. 



GEMEBAL SPBdFICATIONS GOVERNING THB MANUFACfrnRE, 
SHIFHBirr, JkKD BEECmON OW 8m3i BRIDGES, TSB0TLE8, 
YUDUCTS, AND ELEVATED BAILROAD& 

DRAWINGS. 

As soon as practicable after tbe sfgning of the contract for 
building tbe structure, complete detail drawings will be fur- 

nislied by the Engineer, and from these the Contractor is to 
prepare his shop druwiugs, complying carefully there wiih 
aod milking no clianges without the written consent of the 
^Engineer. Tlie working drawings are to be seat in iriplicjitc 
for the approval of the Engineer and bis principal Shop 
Inspector, who will retain two sets and return tbe third after 
checking same and marliing thereon any changes or correc- 
tions desired ; after which a corrected set of shop drawings 
shall be sent without delay by the (/ou tractor to the Engineer. 
The approval of said working drawings by the Engineer will 
not relieve tbe Contractor from the responsibility of any errors 
thereon. 

The drawings furnished by the Engineer shall be ohecked 
carefully by the Contractor before l)eglnning work. Should 
any errors be discovei'ed, the Engineer's attention shall be 
called to same, and corrections will be made, after which the 

Contractor shall be responsible for all errors w Jiieh may occur 
or which may have occurred. The Engineer shall have the 
right to alter as he may see fit the preliminary plans, if 
further investigation of the conditions aHectiag the proposed 
structure so warrant ; and he shall be at liberty to make 
minor changes in all plans during construction without %ny 

d43 
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extra charge for Siime bciug made by Ihc CoLitniclor unless, 
in the opinioQ of the Eugincer, the Contnictor be really en- 
titled to extra compensrition ou account of such changes. 

The Contractor ahall furnish wUbout charge as many sets 
of shop drawings as the Engineer and other officers of the 
oomiNuiy may deem neoessaiy for their use during oonstruc- 
tton or for record. 

INflFBCnOlf, 

The inspection and tests of metal will be made promptly on 
its being rolled or cast, and the quality will be determined 

before it leaves the rolling-mill or foundry. The inspection 
of woikiuanship will be mnde as the manufacture of the 
material procuresses, and at as early a period as the nature of 
the work will permit. 

All fa( ilities for inspection of material and workmanship 
shall be furnished by the Contractor ; and the Engineer and 
his inspectors shall have free access to any of the works ia 
which any portion of the matenal is being made. 

The Contractor shall give the Inspector due notice when 
any materiul is ready for inspection. Any delay on the part 
of the Inspector shall be reported to the Engineer, but no 
material will be accepted which has not been passed upon by 
the authorized representative of the Engineer. 

MBTAIj. 

Unless otherwise specified, all metal shall, for all spans of 
ordinary length, be medium steel: excepting only that rivets 
and bolts are to be of soft steel, and adjustable members of 
either soft steel or wrought iron. 

For very long, fixed spans, high steel may be used for top 
chords, inclined end posts, pins, and eye-bars in bottom chords 
and in main (liaLTonals of ]mnols where there is no reversion 
of stress, when impart is inchKieti. It maybe used also for 
tlie web members of cantilever and anchor arms of cantilever 
bridges, where the variation of stress is comparatively small, 
and where the impact cannot he great. 
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Except for purely oroaineBlal work aud a few minor details 

of the operating mncbiDery of drawbridges, cast iron will uot 
be allowed to be used in the superstructure of imy bridge, 
trestle, viadnet, or elevated mil road, cast steel beiug em- 
ployed wherever important casliugs are uecessarj* 

All^ft and medium steel shall be manufactured by either 
the add or the basic opea-heurth process, but high steel shall 
invariably be manufactured by the former. All steel must 

be uniform in character for each specified kind. Any attempt 
to substitute Beasemer or any other steel for the opeu-hearth 
product will be considered as a vinluiion of the contract and 
a good aud sufficient reason for caucellinq: tiie same. 

All plates shall be rolled from slabs. These slabs shall be 
made by a sepaitUe operation, by roiling an ingot and cutting 
oS the scrap. The original ingot shall have at least twice 
the cross-sectional area of the slab, and the latter shall be at 
least six times as thick as the plate. 

All finished material cominc: from the mills must be free 
from seams, flaws, or cracks, aud must have a clean, smooth 
finish. 

OOlfPOBITIOir OF BOLIJa> BTBBL. 

The greatest allowable percentages of certain principal in- 
gredients of the various kinds of rolled steel shall be as given 
in the following table: 



IngredieotB. 


Percentages. 










Soft Steel. 


Medium Steel. 


HiffhSteeL 


Phosphorus (aci(] steel). . 


0.05 


0 f^O 


0.07 


Phosphurus (basic steel). 


0.03 


0.04 


• * * ■ 




0.04 


0.05 


O.QS 




0.01 


0,05 


0.08 




0.60 


0.70 


O.SO 
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Tbese peroeolages apply to drQHsgs talmi from Ibe edges 
of plates aud tlie exterior of shapes, bars, or Hals. If, how- 
ever, tlie drilling-s be taken from 'ht^ middle of plates or the 
heart of oilier sections, tue pereeiiiages given in tbe tai>ie are 
to be increased tweuly-live (25) per oaut. 

imumFccATian. 

Sftch ingot shall be stamped or marked pUliilj witb Its 
proper melt-number; and this melt-wimber must be stamped 

or painted plAinly on all bloomy bitleis. or slabs made from 

such ingots in order to identify the material throiiirhoui its 
various processes of ninnufacture; and the melt-number must 
be Htfimped plainly on each piece of linished material. Hivet 
and lacing steel, and small pieces for pin-plates and stififeners, 
may be shipped in bundles, securely wired together^ with the 
blow or melt number on a metal tag attached. 

GENERAL FBOVI8ION8 OK METHODS OF TESTING. . 

"Rivet-rorl?? jind other rounds arc to be tecte<l Iq the form in 
which they leave the roils, without machining. 

Test*pieces from angles, plates, shai)es, etc., shall be rect- 
angular in shape, with a cross-sect ioual area of preferably 
about one half (i) of a square inch, but not less, and shall be 
taken so that only two sides are machine-finished, the other 
two having the surface which was left by the rolls. 

Should fracture occur outside of the middle third of tlie 
gauge length, the test is to be discarded as worthless if it falls 
below the standard. 

If any test-pieoe haye a manifest flaw, its test shall not be 
considered. 

In case that one teat-piece falls slightly below the reqaire- 
mentsin any particular, the Inspector may allow the re-testing 
of the lot or heat by taking four (4) additional tests from the 

Siiid lot or lieat; and. if the average of the five (5) shall show 
that the stiel is within ilje ri (luiremeuts, the metal may be 
aooepted; otherwise il slmll rejected. 
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DrilllDga for cbemical aDalyafs may be taken either from the 

prelfmiiiary test-piece or from the finished material. 

The speed nf the machine for breaking test-pieces shall not 
bo ]e.sH Lhao one qiiarier (i) iucU per miuule, Dor more than 
three (3) iuches per minute. 

Material which is to be used without annealing or further 
treatment, is to be tested io the condition in which it oomes 
from the rolls.' When the material is to be annealed or other- 
wise treated before use, the specimens representing such ma^ 
terial may be similarly treated before testing; but they shall 
also give standard elongation, reduction, and fracture before 
annealing. 

TENSILE STEENQTH. 

The uUimutc tensile strength per square inch on test-piects 
for all three kinds of rolled steel used in structural metal-work 
shall be as follows : 

Boft steel 50,000 lbs. to 60,000 lbs. 

]\Ie(lium steel . . . 60,000 lbs. to 70,000 lbs. 
High steel 70,000 lbs. to 80.000 lbs. 

BJ^STIG LIMITS. 

The least allowable elastic limits obtained from test-pieces 
and determined in the usual manner by the drop of the beam 
shall be as follows : 

Soft steel 30.000 lbs per square inch. 

Medium steel.. . 35,000 lbs. per square inch. 
High steel .... 40,000 lbs. per square inch. 

ELONGATION. 

The percentages of elongation shall be obtained from the 

test-pieces after breaking on an oHginal length of eight (8) 
inches, in which length must occur the curve uf riMhictidu 
from stretch on lotii sides of the point of fracture. The least 
allowable elongations for the various kinds of rolled strucluial 
steel shall be as follows i 
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Shape. 



Rounds (excepting pins) 

Pius 

AofclesaDd bars 

Platea under 40" wide 

Plates 40" to 70" wide, and webs 
of beam-: ami chaimela. 

PlRtf'^ over 70 " widf* 

Flanges ot beaiiiH and channels .. 



Percentage of Eloiigatton. 



Soft Steel. 


Medium 

oteei. 


Hi-h 




27 






20 


18 




26 


22 






SO 




28 


1» 




21 






20 


18 



BBDUCTION OP AREA. 

The reduction of area, mensared on test-pieces, for the va- 
rious kinds of rolled structural steel shall be as follows : 



Shape. 



Rounds (exceptinf^ pins) 

Pins , 

Angles and burs 

Plates under 40" wide 

Plates 40" to 70" wide, and webs 

of beHHis and channels • 

PlntHs over 70" wide 

I iajiges of beams and channels.... . . 



Percentage of Redaction Ci Attim. 



Soft Steel. 


Medium 
Steel. 


High 

Steel. 


50 


44 


38 




40 


84 


48 


40 


84 




40 


84 




38 


. 84.. 




87 






88 


80 



BENDJLNG TESTS. 

Specimens of soft steel shall be capable of bending to one 
bunilrt'cl and eighty (180) dcirrees and closing down fiat upon 
them selves, without cracking, when either hot, cold, or 
quenched. 

Bpecimens of medium steel, when heated to a dark orange 
and cooled in water at seventy (70) degrees Eahi-euheit, or 
when cold or hot, shall be capable of bending one hundred 
and eighty (t80) degrees around a clitslc whose diameter is 
equal to the thickness of the test-piece, without showing tiigos 
of cracking on the convex side of the bend. 
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Spedmeos of liigh 8teel when qaendied in a similar manner 
shall he capahle of bending ninety (90) degrees around a circle 
whose diameter is equal to twice tlie thickness of the test-piece, 

and oac hundred and eighty (180) deiri <'cs, eitlier hot or cold, 
without sliowing sigus of crackiug ou the conYex side of the 
bend. 

DRIVnHO TB8T8. 

Punched rivet-holes in medium steel, pitched two (2) diam- 
eters from a sheared edge, must stand drifting until their 
diametci-s are fifty (50) per cent greater than those of the 
original holes, and must show no signs of craclcing the metal* 

High slLcl must stjiiid the same test, except that the increase 
in diameter is to be tweuty-hve (;^} per cent instead of Miy 
(50) per ceut* 

FRACTURB. 

All !)roken test-pieces for all three classes of steel must show 
a silky fracture of uniform color. 

NU1£BBB OF TBST-PIBOBa 

At least three (S) tensile tests and three bending tests shall 
he made on specimens from different ingots of each melt 
The bending tests may, if desired, be made on the broken 
test-pieces of the tension tests. If material of various shapes 
to to be made from the same melt, the specimens for testing 
are to be so selected iu> to represent the diilereiit shapes rolled 
from such melt. 

All tests are to be made by the Contractor for the Inspector 
without charge. 

The Inspector will be permitted considerable latitude in 
respect to the number of tests required, reducing same when 
the metal runs unifdtmly and increasing same when it 
does not. 

Lots for testing sliall not exceed twenty (20) tons in weight; 
and plates rolh^l in universtil mill oi- in grooves, or slicjired 
plates, shall each constitute a separate lot, as shall also the 
angles, channels, or beams. 
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T£8T8 OF FUIiI.-BlZ£D £Y£-BAB& 

FaU<4lzed e^'e-bm may be tested to deslnictfoti, provided 

notice be given in advance of the number and j*ize required for 
this purpose, so thai the material can be roiled at the same 
time as that required for the structure. Tlie number of tests 
of full-sized eye-bars will depend upon tlie size of the order 
and upon the regularity of the results of the tests. In general, 
for small orders, the number of tests shall be about tbtee (8) 
per cent of the number of eye-bars in the order, but neyer less 
than two bars for an order for a single span. For large orders 
till number of tests sliall be about two (2) per cent of tlie 
iiumlx 1 of eye-b.'irs in the order. Should the Inspector find 
the bars to be very uniform in strengtli, elasticity, and duc- 
tility, and fully up to the specifications, he will be at liberty 
to reduce the number of tests of full-sized bars. In the case 
of testing long bars, it will be allowable to choose a bur at ran- 
dom from a number of finished bars, cut it fn two, and upset 
the cut end of each piece, thus making two test-bars. 

Full sized bars of medium steel must show an ultimate 
tensile strengili of at least sixty thousand (60,000) pounds per 
square inch for bars of one (1) inch thickness and under, and 
not less than lifty six thousand (56,000) pounds per square inch 
for bars of two (2) inches thickness and ov^r. Bars with 
thicknesses between these limits must show proportionate 
strength. The elongation shall he not less than fourteen (14) 
per cent In a gauged length of ten (10) feet; and the elastic 
limit shall not be less than fifty-five (55) per cent of the 
ultimate strength of the bar for bars not over one inch !hick. 
or les3 than fift}^ (50) per cent of same for bars of two (2) 
inches thickness and over, with proportionate percentages for 
bars of intermediate thicknesses. 

For high steel the limits just specified shall be changed as 
follows : 

Ultimate strength, 70,000 to 65,000 pounds. 

Elongation, twelve (12) per cent. 

Elastie limit, fifty-two (52) per cent to forty-seven (47) 
per cent. 
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Any lot of steel bms which meets the requirements of the 
preceding paragraph shall lie accepted, if none of the bara 

which break in' the eye show an ultimate strength, elastic 
limit, or elongation less than that specified for the body of 
the l)ar, unless ono fourth (J) of tlie fnll-^i'/fd samples so 
tested break iu the eye. In case of failure to meet any of 
these requirements, tlie lot from which tiie sampKi bam were 
taken will be rejected. 

All full-sized sample bars which break at less than the 
ultimate strength specified, or do not otherwise fill the speci- 
fications, shall be at the expense of the Contractor ; unless, in 
case of those that break in the eye, he shall have made objec- 
tion in writing to the form or diniensioiis of the heads before 
making the eye-bars. All others shall be paid for by the pur- 
chaser at the contract price of finished metal-work on cars at 
shopSf less the scrap value of the broken bars. 
• 

PUT MBTAL. 

Pins up to six (6) inches in diameter may be rolled, but 
above that diameter they shall be foiged. The rounds from 
which the pins are to be turned must be true» straight, and 
free from all injurious flaws or cracks. All forged pins shall 
be reduced from a single bloom or ingot until perfect liomo- 
geueitj is secured throughout the whole mass. The bk>oiiis 
shall have at lea^l three (3) limes the sectional area of the 
finished plus. Ho forging shall be done below a red heat* 

Except in the case of sheared plates ordered to gauge, a 
variation in cross-section or weight of rolled material of more 
than two (2) per cent from that sfiecified may be cause for 
rejection. For the said sheared plates the permissible exccM 
variation shall run from four (4) per cent for plates five 
eighths (i) of an inch or more in thickness to eight (8) per 
cent for plates three eighths (|) of an inch or less in thick- 
ness, the variations for intermediate thicknesses beiug directly 
interpolated. 
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Should the shipping weight of any eatiro order exceed by 
more than one (1) i>er cent the weight computed frbm the 

approved shop dniwiDgs, tbe amount in excess of the said one 
(1) per cent will not be paid for, unless in the entire order 
tlie weii^ht of plates exceedinc^" thirty-.six (36) inches wide be 
greater thau thirty (30) per cent of the who!e, in which case 
the allowable Tariatiou shall be ioereaaed to two (2) per cent. 

WBOU0RT IBOV. 

All wrought iron, if any be used* must be of the best 
quality obtainable, tough, ductile, fibrous, and of a uniform 
quality; also straight, smooth, and free from dnder-pocketsor 
injurious flaws, buckles, blisters, or cracks. No steel scrap 

sliall be used in its manufacture. 

The tensile strength, determined from test-pieces in the 
same manner as specifled for steel, shall not fall below fifty 
thousand (50,000) pounds per square inch; and the elastic 
limit shall not be less than twenty-six thousand (26,000) 
pounds per square inch. The elongation, determined in the 
same manner as specified for steel, shall not be less than 
twenty (20) per cent. 

All wrought iron must bend cold one hundred and eighty 
(180) degrees, without sign of fracture, to ft curve the inner 
radius of which equals the thickness of the piece tested. Soft 
steel is to be used instead of wrought iron whereyer prac* 
ticable. 

0A8T IBOH, 

Bxcept where chilled iron is specified, all castings shall be 
of tough, gray iron, free from injurious cold-shuts or blow- 
holes, true to pattern, and of a workmiinlike finislL Sample- 
pieces one (1) inch square, cast from the same heat of metal in 
sand-moulds, shall be capable of maintaining on a clear span 
of luur (4) feet six (6) inches a central load of five hundred 
(500) pounds when tested in tin; rough bar. All castings 
shall be straiglil and out of wind, with proper and approved 
uniform thickness of metal, and shall have perfect, sharp. 
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and clean lines, angles, and mould iugs, all re-entrant angles 
being properly filleted. 

CAST BTESIi. 

All steel castings shall be made of acid open-hearth steel 
containing from tweuty live hundredtiis (0.25) to four tenths 
(0.4) percent of carbon, aud not more than the following pern 
centages of other ingredienta : 

Phosphorus, five hundredths (0.05), 
Sulphur, five Innidredths (0.05). 
Manganese, eight tenths (0.8). 

The ultimate leusile strength shuM run 1 lom sixty -five thou- 
sand (65,000) to seventy-five thousand (75,000) pounds per 
square inch; the elastic limit shall not be less than one half (i) 
of the ultimate atreugth; and the elongation of test apecimens 
in two (2) incfaea shall not be less than fifteen (15) per cent 
for fixed castings or seyenteen (17) per cent for movable 
castings. 

All steel castings shall be carefully and uniforndy annealed, 
and shall be true to drawings, smooth, clean, aud free from 
blowholes, spongiuess, and all other defects. All corners 
therein shall be properly filleted. 

TBSTB OF ROLLBBS FOR DRAW-SPANa 

The Contractor shall make, at his own expense, under the 
direction of the £ugineer or his duly authorised representa- 
tive, for each dmw-span, tests, not exceeding three (3) in 
number, of full-sized cast rollers; also any tests of specimens 

of the metal for the same that may l>e considered necessary by 
the Engineer to determine its quality. 

OTUBR TESTS OF FUJUL-SI^ M£MB£Eii OK DETAILS. 

The Contractor sitall make, at hfs own expense, under the- 
direction of the Engineer or his Inspcclor, such other tests of 
full-size members or details as the Engineer may prescribe^ 
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provided that tbe said members or details are similar lo those 
used on tbe work, and provided that the total cost to the Con* 

tractor of such extra tests does not exceed oue quarter of one 
per cent (O.:^o^j of tbe total contract price of the work. 

WUl<KMAN8niP. 

All metal shall be car^ully siraigbiened before beiog timed 
over to tbe sbops^ 

All workmanship shall be flrst-elass in every partioalar, and 
all portions of metal-work exposed to view shall be neatly 

finished. 

All idle corners of plates and angles, such for instance as tbe 
ends of the unconnected le^^ of angle lacing, shall be neatly 
chamfered off at an angle of about forty-flve (45) degrees, so 
as to give a sightly finish to tbe work and to avoid beading el 
said corners during shipment and erection. 

As far as practicable, all parts sball be so constmcted as to 
be accessible for inspection and painting. 

All punched work shall be so accurately duoethal, aflcr the 
various coniixmcnt pieces are assembled and before the ream- 
ing is commenced, forty (40) per cent of the holes can be 
entered easily by a rod of a diameter one sixteenth (^) of an 
inch less than that of the punched holes; eighty (SO) per cent 
by a rod of a diameter one eighth (|) of an inch less than 
same; and one hundred (100) per cent by a rod of a diameter 
one qtiarter (} ) of an Inch less than same. Any shop work not 
coming ui> to this requiicmuut will be subject to rejectiou by 
tbe inspector. 

SHBABBD ED6B8. 

All sheared and hot-cut edges shall have not leas than one 

quarter (J) inch of metal removed by planing to a smooth, 
rmislied surface. Lacing- bars, fillers, stay-plates, and stringer- 
bracing connecting plates only will be exempt from this re- 
quirement. 

BK-SNTRANT C0RNBR8. 

No sharp or unfilleled re-entrant corners will be allowed 
anywhere in the work. 
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ANNEALING. 

In all cases wbere a steel piece in which the full streagth is 
required has bcea partially heated or Ijent, the whole piece 
must be subsequeutly annealed. lu pieces of secondary im- 
portauce, where the beuding is slight, said bending i& to be 
made cold, and no aanealiug in such cases will be required. 
Crimped web-stiffeners will not require annealing. 

All eye bars shall be carefully and uniformly annealed at a 
dark orange beat. 

BIYKTS. 

Rivets when driven must completely fill the holes, have full 
heads concentric with the rivel-holes, and be machine-driven 
whenever practicable. The machine must be capable of re- 
taining the applied pressure after the upsetting is completed. 

The rivet-heads must be full and neatly finished, of approved 
hemispherical shape, iu full contact with the surface, or be 
couulersunk when so required, and of a uniform size for the 
same-sized rivets throughout the work; and they must pinch 
the connected pieces thoroughly together. Flattened heads 
may be used in certain places* if necessary for clearance. 
Except where shown otherwise on the drawings, all rivet 
diameters are to be seven eightlis (}) of an inch. No loose or 
imperfect rivets will be allowed to remain in any part of the 
meteUwork. 

BTVET-HOLrSS. 

Rivet-holes must be accurately spaced; (he use of drift-pins 
will be allowed only for bringing together the several parts 
forming a member, and they must not be driven with such 
force as to distort the metal about the holes. The distance 
between the edge of any piece and the centre of a rivet-*hole 
must never be less than one and a half (H) inches, excepting 
for lattice bars, small angles, and where especially shown 
otherwise on the Engineer's drawings; and, wherever practica- 
ble, this diiilauce shall be at least two (2) diameters of the 
rivet. 
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FUHCmNG AND BBAMING. 

All rivet-holes in steel-work, if punched, shall be made with 
a punch one-eighth (|) inch in diameter less than the diameter 
of the rivet inteuded to be used, aod shall be reamed to a 
diameter one-sixteenth (^) iuch greater than that of the said 
riTet 

Before thfe reamhig takes place all the pieces to be rfreted 

together shall be assembled and bolted ioto position, then the 
reaming .^hall be done; for one of the principal objects of this 
clause in reUttiou to subpunchiug is to ensure the conect 
matching of rivet-holea, and the avoidance of holes of exces- 
sive diameter. Said clause also ensures the removal of most, 
if not all, incipient cracks started by the process of punching. 

All reaming is to be done by means of twist'drills, the use 
of tapered renmers being prohibited, except where twist- 
reamers cannot be employed. All holes must be at right 
angles to surface of meuibor, and all sharp or raisetl edges of 
holes under heads must be slightly rounded off before the 
rivets are driven. 

All boles for fleld-rivets» excepting those for lateral and 
sway-bracing, when not drilled to an iron template, shall be 
reamed while the conuecting parts are temporarily assembled. 

Punchiog shall not be permitted in any piece in which the 
thickness of the m tal exceeds the diameter of the cold rivet 
that is to be used; but all such pieces shall be drilled solid. 

Built members must, when finished, be true and free from 
twists, kinks, buckles, or open joints between the component 
pieces. 

All abutting surfaces of compression*member8, except 
flnnges of plate-girders where the joints are fully spliced, 
must be planed or turned to even bearings so that they shall 
!)e in as perfect contaet throughout as can Ix; obtained by such 
ujeans ; and all such finished surface's must be protected by 
white lead aod tallow before shipment from the shop. 
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The euds of ail webs aud cliord oi llaiige angles that abut 
against other webs must be faced true and square or to exact 
bevel ; aud the end-stilTeuers must be placed perfectly Uuah 
witli these plaued ends, so as to afford a proper bearing. 
Filling-plates beneath end-siiffeniiig angles must be fMctlcally 
flush with said angles, and must in no case pvojeet outside of 
same at the bearings. If a good and satisfactory job of work 
cannot be obtained by this method, the end-stiffening angles 
shall be made one eiglith (}) of an iuch thicker, aud Ihe entire 
ends shall be planed after the stifTening angles are riveted on. 

No web- plate will be allowed to project beyond the tiange 
angles, or to recede more than one eighth (i) of an inch from 
faces of same. 

All filling and splice plates in riveted work must fit at their, 
ends to the flanges sufficiently close to be sealed, when 
painted, against the admission of water ; btit they need not 

be tool-liuished, unless .so specially indicated either on the 
drawings or iu the specitications. 

Except in the case of loop-eyes, no weld will be allowed in 
the body of the eye-bars. The heads of the eye-bars shall be 
made by upsetting, rolling, or forging into shajje. A varialit)n 
from the speci^ed dimeusions of tlio heads will be allowed, in 
thickness of one thirty-second of an inch below and one 
sixteenth of an Inch above that specified, and in diameter 
of one fourth (}) of an Inch in either direction* Eye-bars 
must be perfectly straight before boring. 

Loop-eyes shall invariably be made of wrought iron, m 
steel cauQOt be relied upon to ailord a proper weld. 

PIKHOIiBS. 

All pinholes must be bored truly jm^^^^cl and at right 
angles to the axes of the members, unless olherwise shown on 
the drawings; and, in pieces not adjustable for length, no 
variation of more than one thirty^econd (^\)of an inch will 
be allowed in the length between centres of pinholes. 
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Pinholes in eye-bars must be in the centre of the heads, 
aud on the centre line of the bars. 

Bar8, which are to be placed side by side in the structure, 
shall be bored at the same temperature, and shall be of sucli 
equal length that, when placed In a pile, the pin at each end 
will pass through the holes at the same time without forcing. 

FIN8* 

Alt pins shall be turned accurately to a gauge, and shall be 
finish^ perfectly round, smooth, and straight All pins up 
to three and one-half (3^) inches in diameter shall fit the pin- 

iiulcs within one fiftieth (^q) of an inch, and all pins over 
three and oue-half (3i) inches in diameter shall fit their holes 
within one tliirt^^-second (3^5) of an inch. 

The Contnicior must provide steel pilot-nuts for all pins to 
preserve the threads while said pins are being driven. 

TURNBD BOLTS. 

When members are connected by bolts which transmit 
shearing-stresses, the holes must be reamed parallel, and the 
bolts must be turned to a driving fit. 

TURNBUCKLES, NUTH, TUKEADS, AND WASHERS. 

All sleeve-nuts^turnbuckles, and clevises must be made so 

strong and stiff that they will be able to resist without 
rupture the nliitnate pull of the bars which they connect, and 
without diytoriiun the greatest twisting force to which they 
could ever be subjected. They must be made so that the 
threaded lengths of the rods engaged can be verified. 

The dimensions of all square and hexagonal nuts, except 
those on the ends of pins, shall be such as to develop the full 
strength of the bod) of the adjustable member. No round- 
headed bolts will be allowed. 

Washers and nuts must have uniform bearing. 

Cast or wrou£rht iron wasljcrs nuisL be used under the heada 
of all timber bolta when the bearing is on the wood. 
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All threads, except those 0:1 the eti I> of i)ius, must be of 
the United Slates standard. Each adjusting nut must be 
provided with ao effective nut-lock or clieck-waslier. 

BOIitjBRB. 

Rollers shall be turned accurately to a gauge, and must 
be finisheci perfectly round, and to the correct diameter or 
diameters, from end to end. TUe tongues and grooves in 
plates and rollers must fit snugly, so as to prevent lateral 
motion. RoUerbeds must be planed. 

ANCHOR«BOLT8. 

All bed-plates and bearings must be fox-bolted to the 
masonry or attached to concrete by anclior*p]ates. TfaeCon- 
tractor must furnish all bolts, drill all holes, and set the bolts 
to place with Portland-cement grouting. 

All anchor-bolts are to be of soft steel with cold-pressed 
threads ; and the threaded portion of all such bolts tested to 
destruction shall develop a greater strength than that of the 
unthreaded portion of same. The lengths of the nuts for all 
adjustable rods must always be great enough to develop the 
full strength of the rod. 

All anchor-bolts are to be thoroughly oiled but not painted 
before shipment; and the exposed portions thereof, after 
erection, arc to receive two coats of paint at the same time the 
rest of the metal-work receives its two coats. 

HAMB-PI^TBSk 

A name-plate of neat design and fiidsh, giving the name of 
the Contractor and the date of erection, siiall be firmly attached 
to each end of every through-bridge, and to some prominent 
place or places in all other structures. 

PAINTING* 

All metal-work before leaving the shop shall be thoroughly 
cleansed from all loose scale, rust, and dirt, and shall then be 
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given one coat of the best carbon primer, Eureka pnint, or aoy 
otlior priming-coat required by the Engineer, which coat shall 
be thoroughly dried before the metal-work is loaded for ship- 
ment. It ia abioluiely esseutial that the eutire surface of the 
metal'Work be thorougbly elesDsed by the most effective 
kuowD-methodst such as the use of wire-bra8hes» Uieo the 
painter*8 torch, and in certaio cases the application of a stxoug 
caustic solution, luliuwed by scraping, wabhing with clean 
water, and dt ,) iiig. 

In riveted work all surfaces coming in coutnct shall be 
extra well painted before being riveted together, iiottoma of 
bedplates, liearing- plates, and aoy other parts which are uot 
accessible for painting after erection shall have three coats of 
pafnt, one at the shop, the other two In the field, before 
erection. Plus, bored pinholes, turned friction- rollers, and 
all other polished surfaces shall be coated wiLh white lead and 
tallow before shipment from the shop. 

After the structure is creeled the mcital-work shall be 
thoroughly cleansed from mud, grease, or any other objection- 
able material tliat may he found thereon, then thoroughly and 
evenly painted with two (2) coats of paint of any kind that 
the Engineer may adopt. 

All three coats of paint given to the metal-work are to be of 
distinctly (iilTercnt .shades or colors , and the second coat must 
be allowed to dry tliorougld}' before the third coat is applied. 

No thiniiiiig of paint with turpentine, beitzine, or other 
thinner will be allowed without special written permisbion 
from the Engineer. 

No painting is to be done in wet or freezing weather. 

All painting is to be done in a thorough and workmanlike 
nmnner, to the satisfaction of the Bugineer. and no paint 
whatever is to be used on the structure without lir^t being 
approved by the Engineer. 

All the materials ftir painting shall be subject at all times to 
the closest inspection and chemical analysis; and the detectiou 
of any inferior quality of such material, in either shop or 
field, shall involve the rejection of all such suspected material 
at hand and the scmpiug and repainting of those portions of 
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the woik wkioh^ in tlie opinion of the Engineer, were de- 
fectively painted on account of such inferior materitil. 

All recesses whicli would retuia water or through which 
wnter could enter must b^; filled with tliick paint or some 
water-proof cement before receiving final paiuting. All sur- 
IftOCB BO dose together as to present the insertion of paint- 
brushes must he palnled Ikorooglily by nalng a plooe of doth 
instead of the brush. 

SBJPriNG. 

All parts shall be loaded carefully so as to aTold injury In 
transportation, and shall be at the Contractor's risk until 

erected and accepted. 

In shippiisg long plate girders ^reat care is to be taken to 
distribute the weig-ht properly over the two cars that support 
them, and to provide means for permitting the cars to pass 
around currai without disturbing the loading. In both the 
handling and shipment of metal-work eyety care la to he 
taken to aToid bending or straining the pieces or damaging 
the paint All piecea bent or otherwise injured will be re* 
jected. 

TIMBER. 

All timber must be of the best quality, sawed true and out 

of wiiid, full size, and free from wind-shakes, larire or loose 
kuots, decayed wood, sap, worm-holes, or any other defect 
that would impair its strength or durability. 

The Contractor shall furnish all staging and falsework, and 
shall erect, adjust, and paint all of the metaUwork ready for 
the timber-floor. He shall also furnish and lay the latter and 

put on the track-rails, unless there be a written agreement to 
the contrai V. 

The Ooiitractor shall employ suitable merhanios for every 
kind of mechanical work, and shall, at the request of the en- 
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gliieer, diacharge any workman whom tbe said Sngineer Bba]l 

deem incompeleat, negligent, or untrustwortfaj. 

All material of whatever kind shall be subject to iuspectioa 
and approval at any time during the progress and until the 
final completion of the work ; and the entire work shall l)e 
constructed iu a substantial and workmanlike maauer, and to 
the satisfaction and acceptance of the £ogineer, 

DBFBCTITB WORK. 

The Contractor, upon being so directed by the Engineer* 
shall remove, rebuild, or make good, without charge, any 
work which the said Engineer may consider to be defectively 
executed. The fact that any defective material In the struc- 
ture had been previously accepted by the oversight of the 
Company's en«rineers or inspectors shall not be considered a 
valid reason for tlie Contractor's refusing to lemove it or make 
it good. And until such defective work is removed and 
.made good, the Engineer shall deduct from the partial pay* 
ments or the final payment, as the case may be, whatever sum 
for such defective work as may, in his opinioo, appear just 
and equitable. 

DIRBCnOKS TO CONTRACTOR. 

In case that the ('ontractor shall not be present upon the 
work at any i'unv when il may be necessary for the Engineer 
to give instructions, the foreman in charge for the time 
being shall receive and obey any orders that the Engineer 
may give. 

The Contractor shall commence work at such points as the 
Engineer may direct, and shall conform to his directions as to 

the order and lime in wliich the different parls of Lhe work 
shall be done, as well as to the force required to complete the 
work at the date Bpecified. 

CLOSING THOROUGHFABB8« 

The Contractor and his employees shall so conduct their 
operations as not to close any thoroughfara by land or water 
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without the written couseat of the proper aulliorities of aucli 
thorouglifare. 

liESPONSIBILITT FOR ACCXDRNTB. 

The Couiractor shall assume and be responsible for all acci- 
dents to meu^ uulmals, and materials before tlie acceptance of 
the structure ; and mast remoYe at his own expense all false, 
work, rubbish, or other useless material caused by his oper- 
ations; and such work shall be included as a part of the work 
to be performed. 

The Contractor shall place sufficient and proper guards for 
the prevention of accidents, and shall put up and maintain at 
night suitable and sulUcieut lights. 

The Contractor shall indemnify and save harmless the Com* 
pany against all claims and demands of all parties whatsoever 

for damages or compensation for injuries arising from any 

obstructions created by the Contractor or his employees, or 
from finy Dciikct or omission to provide proper lights and 
signals during the construction of the work. 

AL.TKKAT10N OF PLANS. 

The Engineer shall have the power to vary» extend, in* 
crease, or diminish the quantity of the work, or to dispense 

with a portion thereof during its progress without impairing 
the contract; and no allowance will be made the Contmctor 
except for the work acluiilly done. In case any ohanire in- 
volve the execution of work of a class not herein provided for, 
the Contractor shall perform the same and be paid the actual 
coAt thereof plus the percentage for profit agreed upon in the 
contract. In this case the Contractor must furnish the Engi- 
neer with- satisfactory youchers for all labor and material 
expended on the work. 

STRICTNESS OF INBPRGTIOK. 

All materials and workmanship will be thoroughly and 
carefully inspected, and the Contractor will be held at all 
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times to the spirit of the specifications; but iiothiug will be 
doDe by ihe CoinpHU3''s eugineers or inspectors to give the 
Ck>utractor oeediess worry or auooyaace, the inteDt of both 
specifications and inspect ion being simply to obtaio for the 
Company work that will be first-class in every parttcniar and 
a credit to eveiy one connected with its designing and con- 
stractlon. 

BPIBXT OF THB StPBOIBlGATIONa. 

The nature and spirit of these specifications are to pro- 
Yide for the work herein enumerated to be fully completed in 
every detail for the purpose designed; and it U hereby under* 
stood that the Contractor, in accepting the contract, agrees to 
furnish any and every tiling necessary for such constnictioii, 
notwithstaudiag any omissioa in the drawings or specifica- 
tions. 

Whenever in these specifications the term " Engineer " is 

empk)} ed, it is understood that it is to mean the 

Ennrincer of the Company or the duly author^ 

ized representative of same. 

TENDHRS* 

Tenders for all work, whenever it is practicable, shall be 
made on schedule prices, lump-sum bids being accepted only 
for such parts as steam or electric machinery, which could 
not well be paid for by the pound. 

All lenders are to be made in strict :u;cordance with the 
plans and specifications submitted to ludders by the Ensrineer; 
and no bids based upon suggested changes in same will be 
considered. 

In awarding contracts, preference will be given to those 
bidders in whose shops the piece-work system is least em- 
ployed. 
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THE COMPROMISE STANDARD SYSTEM OF LIVE LOADS FOB 
RAILWAY BRIDGES AN0 THE EQUIVALENTS FOB SAME. 

In 1898 the author publidied a Bmall pamphlet, now out of 
print, which bore the above title. Its contents are ^produced 

here instead of in a second edition. The various steps lakeu 
in its preparation were as follows : 

lu 1891 tlie anlhor presented to tlie American Society of 
Civil Engineers a paper entitled **Sonie Disputed Points in 
Railway-Bridge Designing/' in which he advocated the adop- 
tion of a few standard train-loads for railroad bridges, instead 
of the almost innumerable ones then In use, offered a set of 
loads for discussion, and urged that the " Equivalent Uniform- 
Load Method " of computing stresses be adopted instead of 
the burdensome method of wheel concentrations that had been 
in vogue for the preceding ten years. This paper received a 
very thorough discussiou, from which it was evident that 
bridge engineers and railroad engineers, as a whole, would be 
glad to settle upon a few standard loadings, and to adopt 
some simple equivalent method of computing stresses. Most 
of those who desired the abandonment of the " Concentrated 
Wheel-load Method,** advocated tlie adoption uf the '* Equiv- 
aleul Uniform-Loud Method.'* but a few favoied eillier the 

Single" or the Double Concentration Method," with a 
constant car-load. 

This paper, with the discussions, was published in the Feb* 
ruary and March 180d number of the Transaetioni of the 
American Society of Civil Engineers, and was reviewed very 
generally by the technical press, attention being puid princi- 
pally to the subject of equivalent loads. These reviews started 
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a aeries of letters by the author and others, that were priutod at 
first in tbe Railrottd €hmetU, and later also in the Engineering 

liecoid, in which letters the subject of equivaleuts was thor- 
oughly nnd exhaustively treated. These proved tliat the 
" Equivalent Uniform-Load Method " gives results which are 
accurate enough for all practical purposes, and that neither 
the ''Single Concentrated •Load Method "nor the ''Double 
Couce»lrated-Load Method" gives results coinciding at all 
closely with those found by the theoretically exact method of 
** Wheel Concentrations." 

lu November 1893 the author seut a circular letter to all 
the chief engineers of railroads in the United States and Can- 
ada who were members (iu any grade) of the American Society 
of Civil Engineers, and to every other member of that society 
connected with or specially Interested in the designing, build- 
ing, or operating of railroad bridges. This letter solicited a 
ballot on certain " Disputed Points iu Rjiilway Bridge Design- 
ing," foremost maong which were those of sLiUKliird live loads 
and a siinple equivalent meth(»d 1<!r coniputution. The num- 
ber of responses received was as great as could have been ex- 
pected ; and the result was that about eighty-two per cent of 
those who voted favored and eighteen per cent opposed the 
adoption of "a Standard System of Live Loads for Railway 
'Bridges " similar to that proposed by the author. Eighty-two 
per ceut also of those who voted were in favor of abundouing 
the " CoMcentmted Wheel-Load Method," and eighteen i)er 
cent were in favor of retaining it. Of the former, seventy- 
eiglit per cent favored the "Equivalent Uniform-Load 
Method/' and twenty-two per cent were in favor of either 
the "Single" or the "Double Concentration Method." A 
number of gentlemen who responded made valuable sugges- 
tions in respect to the standard system of live loads propound- 
ed, and by the aid of these the author prepared a proposed 
** Coinprouiise Standard System of Live Loads for Ridlway 
Biidges." and submitted the same, as before, for linal ballot 
in May 1893. 

The number of replies received showed that great interest 
was ta^n in the question ; and the result of the ballot was 
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ninety per ceut in favor and ten per cent opposed to the pro- 
posed staDdard. 

Next the pamphlet was published and distributed quite gen- 
erally ninoiig those engineers interested in Lhe suhject of 
bridges, a copy heing scut not only to every one who had re- 
plied to the hnllots, hut also to every railroad chief engineer 
in tlie United States, Canada, and Mexico whose address was 
given io Poor's Manual* To these chief engiueers there was 
also sent another circular letter with a ballot that read as f ol* 
lows: 

^ Do N^f Agree " Compromise Standard System 

of Live Louds fur Kailway Bridges " wlien calling for bids on 
iailioad*bridge work, or when having plans prepared for rail- 
road bridges. 

^ Do N^f Agree ^P^^^^ ^ " Equivalent Uniform- 
Load Method " is to be used iu computing stresses in the 
. bridges that are to be designed for my itNul. 
Signature of Voter. 



Chief Engineer of the 



Over ooe hundred chief engineers thus addressed voted in 

favor of holh propositions, aud very few were opposed. 

The pamphlet has now been in use more than four years, 
aud has beeu iu such demand tluit the llrst edition (a large 
one) has been exhausted. All those who have used its metliods 
' indorse heartily both the loads specified and the Equivalent 
Uniform-Load Method. 

METHOD OF UTILIZINO TH£ E(^UXVAL£1IT LOADB. 

In calling for hids on bridge work to be accompanied with 
designs for the structures, a railroiui engineer can nominate 
any bridge specihcations whatsoever, standard or otherwise, 
and at the same time specify that the live loads are to be 
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taken from the "Compromise Standftrd System/' and that tbe 
''Equivalent Loads" thereof are to be emplojred. 

In ihh 'System" will be found from " Class Z" to *' Class 
T/* inclusive, a close appioxiination to any live load that an 
engineer is likely to want to use ; and if. for a certain car- 
load, some engineer should prefer a heayier or lighter engfne- 
loadiiig, he can obtain practically what he wishes by speci- 
fying that one class is to be used for floor systems and primary- 
truss members, and another class for main^mss members. 
Tbe author does not advise this, however, except in the case 
of double-track bridges, where it would be advantageous to 
use a ft I tain class for floor systems and primary-truss niem- 
bcMs, and a lighter class for the trusses, because the chaooffS 
of there being two, full, maximum train-loads on the span at 
the same time are generally very small. It might be well to 
carry this idea even farther by specifying, for instance, 
" Class V " for stringers, " Class W " for floor-beams and pi-i- 
mary-truss members, and "Class X" for main truss members 
of duuhle-track bridges. Su( b a method would be in accord- 
ance with tbe theory of probabilities ; but it would not apply 
to single-track bridges, for which the locomotive and car 
loads of the ** Oompromise Standard System" liave been 
properly adjusted. 

The "Equivalent Uniform-Load Method" reduces to a 
minimum the labor of making computations of stresses in 
bridges. The correctness of this statement will be rendered 
evident by tbe ensuing cxi)lanntions of the use of the method. 
As for its exactness, if any-one has any doubt whatsoever 
about its closeness of approximation to the theoretically cor- 
rect method of wheel-conceotrations> let him read tbeaothor's 
letter iu the Railroad OasBate of July 28» 180S. An inspection 
of Table I of that communication shows that no reasonable 
iiuin can object to the Equivalent Uniform-Load Method" 
because of its want of exactness. 

In designing a bridge, one commences naturally wiib the 
stringers, then passes to the floor-beams; and afterwards to the 
trusses ; so let us follow this order. 
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From Plate III find the equiv»1ent Ifye load p«r Kiwal foot 

foi ii span equal to the panel length ;idd tn siluk! tlie a-sumed 
weiffht per foot of two stringers ;intl ilic iloor they support, 
and divide the sum by two, calliug the result to ; then find 
the total bending momeot ftt mid-spau by substilutiDg in the 
well-koowii formula, 

where I is the panel length In f eet» and if is the required mo- 
ment in foot*pouuds. 
Should the total end shear be required, It can be found for 

each sUiuger by adding together the end shear given on PI. 
II and the total weight of one striuger Miih the £loof that it 
carries, and dividing tiie sum by two. 

FLOOR-BBAMS. 

In proportioning a floor-beam, ike important thing to 
ascertain is the total concentration at the point where two 
stringers meet. The live-load couceutration is to be found by 
multiplying together the panel length and the equivalent mni« 
form load per lineal foot given on PI. Ill for a ipam equal to 
twice the panel length, and dividing the product by two. It Is 
unnecessary to describe here how the dead-load concentration 
at each stringer support Is to be found. Nor is it necessary 
to do more than merely mention that the live-load concentra- 
tion obtained for the floor-beam is the same as that required 
in ^dmg stresses in primary-truss members. 

TBUS8EB. 

These can be divided into two kfnds, vix., those with equal 

panels and parallel chords, and those in which the panel 
lengths are unequal, or the chords are not parallel, or both. 
In the first case, the stresses can be delormined most expedi- 
^usly by substitution in tabulated formulsB, and in the second 
case by the graphdcai meliiod. 
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Case I . 

From Plate IV find the equivalent uniform live load per 
lioeal foot for the given span length and multiply same by 
the panel length, calling tlie product L. For single-track 
bridge 8 this mast be divided by two. All the live load stresses 
in mftiD-tritss members of single-iotersection bridges can be 
found by substituting this value of L in Table XVII. 

Just here it is proper to remark that the ''Equivalent Uni- 
form-Load Method " is not applicable to trusses of multiple 
intersection ; but the most approved modern practice in bridge, 
ens^iueoring does not countenance the building of trusses or 
girders having uiore than a single system of cancellation. The 

Equivalent Uniform-Load Method" does, however, apply 
tp trusses with divided panels, snch as the Petit truss ; but as 
this style of truss nowada^'s involves almost invariably a 
polygonal top chord, its treatment herein will come under 

OomIL 

Where trusses have unequal panels or chords not parallel, 
the first step to take is the finding of all the deadhead stresses 
by the graphieal method, starting from one end of the span 
and working towards the middle, where the last stress Is 
cheeked by the method of momenta, and tbe correctness of 
the entire graphical work is thereby proved. 

The next step is to find from PI, IV., as in Case I, the 
equivalent live-load per lineal foot for the span, and there- 
from the value of the panel-truss live-load L, Next set a slide- 
rule for the ratio of dead load per lineal foot and the equiva- 
lent live load per lineal foot for the span, and, by referring to 
the dead-load stresses already found, read oft from the rule all 
of the live-load stresses in chords and inclined end posts. 

Next assume that there is an upward reaction at one end of 
the span equal to 1,000 poiiiuls, 10,000 pounds, or 100,000 
pounds (according to the sizj of the bridge), caused by a load 
placed at the first panel point from the other end ot the span, 
tUen find graphically the stress in each web-member from end 
to end of span, caused by this assumed upward reaction. 
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Then oalculate the value of the liTe^loed leaotloii .for the 
maximum stress in each web-member by means of the sltde- 

rule aud the following formula aud Lablc, in which /( is the 
number of panels in the spau, n' is the nuiuberof tlio panel 
point at the head of the train, counting from the loaded end 

of tlie spau, aud G is the coefficient of — . 
Liye-load reaction for the head of train at n' ss (7 x 
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Then, still using the slide-rule, find the greatest live-load 
Stress in each web-member by the foliowiug equation : 

Stress required = 

* A J r» *i v> Actual Reaction 
Stress from Assumed Reaction X 



Assumed Reaction* 



Where the panels are divided as in the Petit truss, and 
where inclined subpoets are employed, the tmdU stress in 
the upper half of each main diagonal thus found will have to 

be corrected by subtracting therefrom a stress equal to ^ sec. 

A, where A is the inclination of the diagonal to the veriieal. 
But when inclined subties are used instead of inclined sub- 
poets, the oorreclion just referred to will apply only to the 
oompremve stresses in the iotoer halves of the main diagonals. 
The reason for making this correction, as will be at once evi- 
dent to any one who is accustomed to finding stresses In Petit 
trusses, is that the method above outlined ignores the sub- 
division of the panels when ascertaining by graphics the 
Stresses caused by the assumed upward reaction. 



Digitized by Google 



272 



DS P0NTIBU8. 



Ill eompftrinf th^ equitaleot loads tot spatis of one him- 
died feet, given on PI. Ill; wfth tliote gtven on PI. IV, an 

apparent disciepaucy will be noticed. This is due to the faci 
that Pi. Ill is for plute-gird* r s[»aiis, for wliich the cqiiivuleDt 
loads were ohtaioed from the beoding momeDt at mid-span; 
while PL IV is for truss-spaos, for which the equiTalent 
loads are the ayerage of those at all of the panel points. 



biyUizuQ by GoOgle 



CHAPTER XK. 

umbbr trbstlbs. 

TiMBSB tiBsdea can be divided inlo two general clttseB* 
▼fe. : P9t$t, Pile-treiBtle9, or thoee In wbieh each bent is 

formed of seyeittl pilefi, a cap, and trausvcTse sway*braciag ; 
and, 

Second, Framed Trestles, or those io which each bent is 
composed of squared timbers framed together and braced. 

Owing to ^e excessive length of piles xequired for greater 
heights, pile-trestles should rarely^ if erer, exceed thirty feet 
In height; while framed trestles, if properly designed for 
ri^ity as well as for strength, may be carried up to much 
greater IieightSy the ecuuumic limit beiii^ probably about oue 
hundred feet. 

PILE-TRESTLES, 

Hie bents of a pile-trestle should contain at least four piles 
each. Where the trestle does not exceed ten feet in height, 

the piles may be driven vertically, and no sway-bracing need 
be used, provided that the piles luive a good pe net ration in 
reliable omierial. For greater lieigbts of trestle tliau ten feet, 
the two outer piles of each bent ghould be given a batter of 
from two to three inches to the vertical foot. £ach bent 
should alBo be braced with one or two sets of sway-bracing, 
(ftach composed of two 8" X 10" yellow-pine diagonals, thor- 
oughly bolted to thcj piles, wherever tliey cross them, by f" 
bolts. Wherever the piles are of irregular sizes, ihey should 
be trimmed off so as to make the diagonal bracing fit prop- 
erly. 

The piles for suck bents should be so spaced laterally as to 
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give great transvene rigidity to tlie structuret and at tlie same 
time afford ample support for tbe ciips. A good spacing is as 
follows : Distance centre to centre of outer piles, 11' 0" ; dis- 
tance centre to centre of Iwu inner piles, 4' 6 ". 

The cups should be ut hiist 12" X 1-i X 14', placed on edge 
and attached to the piles by means of | drift-bolts. 

For ordioary pile-trestles in fairly firm soil uo loiigitudiiial 
sway-bracing wili be required for heights below ten feet; but 
for heights between ten and twenty*two feet, siugle-decfe:, 
longitudinal sway-braelng should ba itsed in every fifth panel. 
m as to prevent the structure from moving longitudinally us a 
whole because of thrust of trains. For heights gr< jitei tlyau 
twenty-two feet, each alternate panel should be braced longi» 
tudinally by double-deck bracing, so as to hold the piles at 
mld«height, and thus strengthen them as columns; the trans- 
verse sway*bracing for these cases should also be double-deck 
for the same reason. 

For ordinary pile-trestles up to twenty-two feet in height 
the panels should he a Iritle less than fourteen feet in length, 
whil6 for greater heights eith( r ihe same length may be used 
or alternate panels may be made from tweuty-four to twenty- 
eight feet loDg by trussing tbe striagers» according lo which 
of the two methods is the more economical. 

The stringera under each rail should be built of three runs 
of timber, generally sixteen inches deep, the sixes being deter- 
mined from the loading and by using an intensity of two 
tliousimd pounds for the extreme hbre, wh«'n impact is in- 
cluded. The stringer timbers are to be set)arated from each 
other at the panel points by means of timber packing- blocks, 
which are to serve also as splice-timbers. These limber blocks 
should be at least three inches thick and six feet in length, 
and should have at least four bolts through them. They are 
to be separated from the stringers by small cast-iron fillers 
three quarters of an inch thick, so as to prevent the timbers 
from coming in direct contact with each other. The splice- 
timl>ers must be made wide enough to project an inch or two 
below the bottoms of stringers, and must be noiclu ci over the 
caps so as to hold the stringers firmly in place. The distance 
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from ceDtr^ to centra of middle stringers should be fire feet. 
Intermediate cnsCpiron separators with bolts should be used 
bcUveeu adjaceut striuger-timberii, at distauces uot to exceed 
five feet centres. 

Tbe leogth of the striager-timbers for ordinary trestles 
should be twenty eiglrt feet, $o as to extend over two panels,- 
and thus stiffen the floor system materially. 

The ties should be 8" X 8" X 10'. They should be dapped 
oyer the stringers at least one-half inch and spooed thirteen 
iuches from centre to centre. 

Inside aiid outside guard-niils should be used for all tres- 
tles, and at each eud of every trestle some saiiyfactoi y kind of 
reraiiiug device should be used. Tlie outer guard-rail should 
be made of a 6" X 8" timber laid fiat and dapped one uich on 
the ties. The inner faces of the outer guard-rails should be 
spaced not less than twelve inches from, the gauge-planes of 
rails. The inner guard-rail should be 6" X 8", laid flat and 
dapped one inch on the ties. The outer faces of the inner 
guaiil limbers should be placed five or six inches inside the 
gauge-planes of rails. Both inner and oiit( i jjuard-rails 
should be bolted to alternate ties by three-quarier-inch bolts, 
which must pass through the stringers also. The heails of 
these bolts should be countersunk into the tops of the guard- 
rails by means of cup-shaped washers. 

FRAMED TRBBTLBS. 

For trestles of greater height than thirty feet, and for less 
heights under certain conditions, it will be necessiiry to use 
framed bents. The foundations for these maybe i>rovided by 
driving piles and cutting them oSL above the ground, by using 
timber sills^ or by building small masonry piers. 

In all such trestles it will be necessary to brace the strnc- 
ture thoroughly, both transversely and longitudinally. 

All framing of bents should be done In such a manner as to 
tie all parts lirnily together. 

For very high trestles it will be econouiieal to increase the 
lengths of alternnte panels to twenty-five or even thirty feet» 
and truss the stringers. 
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The longitudinal bracing 9honk! comM of diagonals of tini- 

ber of suitable iliinensiuiis, in alteruate panels, will) lioiizou- 
tal struts tnade continuous at bracing panel points throughout 
all panels. 

In addition to the transverse and longitudinal bracing pre* 
▼iottsly described, all trestles on sharp curres lihould be pro- 
vided with a lateral system composed of timber diagonals 
spfk^ to caps and to bottoms of stringers. 

Wliat has been said in regard to flooring for pile- trestles 
applies also to framed trestles. 

The compression-members, when impact is included in the 
stresses^ are to be proportioned by the formal® 

p = 1700 - 0.4 

for long-leaf yellow-pine and hard woods, and 

p = 1000 - 0.2Q' 

for while pine, short-leaf yellow pine, and soft woods, iu 
which lormulaB I and b are respectively, iu the same unit, the 
unsupported length and the least transverse dimension of the 
strut. 

SPKGIPJLCATIOJSrS FOB, TIMBER TKESTIjES. 

CLEiLBINQ AWAT RUBBISH AND PRBFABINO OROUND FOlt 

STARTING WORK. 

Before beginning work on any trestle, all rubblsli, fogs; 
trees, and brush must be cleared away, and all combostibie 

material must be burned or removed for the entire width of 
the right-of-way. 

DIMENSIONS 

All posts» braces, stringers, ties, guard-rails, sills, and all 
timber generally^ shall be of the exact dimensions given and 
figured in the dmwings. No variations from these will bs 
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allowed^ axcefil upon the written consent of the Engineer or 

his duly autUorized representative. 

Hie drawings will be made to tbe scales indicatedt but in all 
eases tbe figures are to be followed io preference to tbe scale, 
wbere tbere Is any discrepancy between tbe two. The draw* 

lugs are to be followed exactly, excepting in cases of errors or 
omissions, which must be referred to tbe Engineer for correc- 
tion or for additional information, 

TIMBER. 

All timber riiall be of good quality, and of such kinds as 
the Sogineer may direct. It must be free from wind-sbakeSp 
wanes, bkck, loose, or unsound knots, sap, worm-holes, and 

all descriptions of decay, or any other defect which would 
impair its strength or durability. It mnst be sawed true and 
out of wind, and to exart dimeusious. Under no circum- 
stances will any timber cut from dead logs be allowed to be 
placed in any portion of the structure; but ail timber must be 
cut from living trees. 

FILES, 

The pBes are to be cut from good, live treea of such varieties 

of timber as may be selected by the Engineer. They must be 

straight, souud, and perfectly free from wind-shakes, wanes, 
large, loose, black, or decayed knots, cracks, worm-holes, and 
all descriptions of decay; and they must be stripped of all bark. 

If square piles are to be used, they must be hewed square 
and not sawed, but must be as free as practicable from aze- 
maiks. Square piles must be at least twelve (12) inches across 
the face, and must show not more than two (2) inches of sap 
across the corners. 

The sizes of round piles will depend upon their length, but 
In no case shall they be less than nine (9) inches in diameter 
at tips. They phall be so nearly straight that a right line, 
taken in any radial direction and running parallel to a right 
Um joining tbe centres of ends of pile, shall show that the pile 
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is at no point over one thhrd of its diameter at such point out 

of a struiglit line. All piles must show an even and gradual 
taper from end to eiul ; and the tip ends are to be pointed in 
an approved and workmanlike manner. Wherever the piles 
are liable to encounter logs, bowlders, or any other material 
which la liable to split or injure them, the ends are to l>e pro* 
tected by cast or wrought iron shoes. > 

Whenever in driving it becomes apparent that tlie hammer 
is splitting or injuring the head of a pile to any material ex- 
tent, the top is to be banded by a heavy wrought- iron ring 
while the pile is being driven. 

All piles must be cut off at tops to an exact line so that the 
caps will bear evenly on all the piles of the group. 

All piles injured in driving^ or that are driven out of place* 
shall ^ther be cut off or withdrawn, as the Engineer may elects 
and others shall be driven iu their stead. 

Whenever the heads of the piles are of greater dfameter than 
the width of the caps, they are to be adzed off at llie tops at 
an angle of about foriy-flve (45) degrees, so as to be tiush with 
the sides of the caps. 

All piles must be accurately spaced according to plans, and 
those beneath the track-stringers must be driven vertically. 

All battered piles must be driven to the angle shown on the 
drawings. Where piles of different diameters are used in the 
same bent, the large piles must be adzed off where the diisgo- 
Did braces crosa them, ao Uial tiie dia^ouaia will uul be bent out 
of line. 

FBAMINO. 

All framing must be done to a close fit» and in a thorough 
and workmanlike manner. No blocking or shimming of any 
kind will be allowed in making joints, nor will any open joints 
be accepted anywhere on the work. 

All joints, ends of posts, ends of piles, etc., and all surfaces 
of timber wliich are to be placed iu direct contact with other 
timber or willi mnsomy. nnist be thoroughly painted with hot, 
creosote oil, and then covered with a good coat of hot asphal* 
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turn, or such other material or materials as may be selected by 
the Eugineer. 

All boles of any kind, which are bored in any of the timbers, 
ore to be tliorougbly saturated with hot aspbaltum* and all 
bolts and faces of washers, wbfch are to be^ placed In direct 

contact with the limbei, are Lu hG warmed aud dipped iu a vat 
of the same material. 

The holes for all bolts of three quarters (f ) of au inch or 
more in diameter arc to be bored oue eighth (^) inch less in 
diameter than that of the bolts which are to be used in them. 
For smaller bolts^ the holes are to be bored one-sixteenth (^) 
Inch less than the diameter of the bolts. 

All caps are to be thoroughly drift- bolted to tops of piles. 
All hnu'iu^ tiiiibeni are to be boiled to piles, caps, or other 
tioibers \\ 1i< ver they cross them The eaiis of all stringers 
shall be J&rmly attached to caps by means of drift-bolts, timber 
cleatSi or some other method which, in the opinion of the En- 
gineer, is equally good, 

For structures on curves, the superelevation of outer rails 
is to be provided for by bevelling the ties, not to exceed three 
(8) in<^es in Ave feet, or by dapping inner stringers on caps 
not to exceed two (2) inches, or, where the required superele- 
vation is too great to l>e provided for by either of the two 
methods named or by a combined use of tliem, by ciiUing off 
the tops of the piles on an inclined plane. The last method 
Is not to be resorted to unless it be absolutely necessary, and 
then extreme care must be taken to cut the piles off so that 
their tops will lie in a true plane* In no instance is this to be 
done when framed bents are used, as the inclination can then be 
given in cutting the tops of the bent posts to receive the caps. 

METAL- WORK 

All bolts, nuts, and dowel* pins shall be mtide of soft steel or 
wrought iron of the same quality as that specified for adjust- 
able members of bridges in Chapter XVIII. Preference will 
be given to screw-bolts of soft steel with cold-pressed tlireads. 

All bolts must be practically perfect iu every respect, aud, 
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wherever necessary, they nuist be provided with nuts and 
threads of the stiindaid size lec^uired for theii' diameter. The 
Uiickuess of a uul fiUall uol be less thaa the 4ia(U<i(^ of the 
rod lor wjbidi U l» infmded» aod tbe side of a square nut must 
not ho len than twice the diameter of tbe bolt* Thfi hmda of 
iJl boJIiiB th$Xi be of the eeniefliie ^e the mte required for the 
screw ends. All screw-bolts, drift-bolts, and dowel-{>iii8 shall 
be made truly straight before being driven, and all uuts must 
be screwed up tight agjuust the washers. All nuts and heads 
of bolts n^ust have heavy O.G. washers between them and the 
timber. AH weahers are to be made of cast iron of good qiiat 
ity, and must besulficientiy iai'geand thkk to profide properlj 
for distributing the pressure due to the graatest aUomble teti* 
sion in the bolts over the area of the washers. They must he 
finished in a neat and work iii;m like manner, and must be free 
fiom air-holes, cracks, cinders, and otber defects. All spacers 
are to be made of cast iron, unless otherwise specihed, and 
must be of the same quality and finlak si specified for Ihe 
washers. 

SREOTION, DSF&CTIYS WORK, DIBBCTIOHS TO GOKTBACTOJIj 
0L06ING THOBOUGHFARBB, BBBPOHSIBEIinT VOB AOCmBtn»| 
DAMAOB8, AXJmATlON 01* PLANS. STBICTRflSS nTEFBO* 
TION, 8FIBIT OF THB SPB<»FICATIO]ffS, BSTQlNnB, AIID lU- 
DBKS. 

i^ee Chapter XVIU. 
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CHAPTBR XXL 

INSFECTION OF MAI^ALS AND WUHKMANSfllP. 

Unless nil the materials used in a structure and all work^ 
raaathip ^riog tlie yarious stages of manufacture at the sUupa 
and of ooMStnietion in tlie field be subjected to competent and 
kooest inspection, much of tfae beneilt obtained by scicDtiflc 

desigu and thorough specificatious will be lost. 

For mauy yejus most of the inspectiou of fstmctural inetul- 
work was a sjul farce ; aud, in coDsequeuce, the general public 
placed but little confidence \u Inspection, with tbe result that 
a large poitioa of tiie bridge*worl[ of the country was left 
entirely to tbe lender mercies of tbe manufacturers, wbo nat- 
umlly worked for tbeir own interest and not for that of tlie 
purchasers. Latterly, however, owing to tlie eflorts of ii few 
first-class iospectinir bnrenns, the status of iuspcction luis been 
soonnvhiLt iin[)r(ived, ulthough it is far from being to day what 
it ought to be. In making this last statement the author 
speaks adTisediy, in that be lias suffered considerably, even of 
late ymn, from bad inspedion in such matters as the insertion 
of a rast^Joiul in a turntable between the bottom of drum and 
top of upper-track segmeuts, where no such filling was allowed 
ill either plans or specifications; badly matching holes in Held 
COuneeiioDs; pinholes too small for pins; important membei's 
omitted in shipping; eye-bars made longer than called for by 
the drawings ; great recesses in webs and fillers at ends of 
girders; and shop-paint applied over half an inch of frozen 
mud. 8ttch things, to say the least, are extremely annoying, 
and often cause great expense during erection. 

riiuiarily, the blame for such errors must fall on the iu- 

2ai 
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spectora, for such egregious blunders should uever escape 
their observation. But tbey are by no means entirely to blame 

for Lhe facL Lbal Llie iuspection of sli uctunil steel iu general is 
not what it ought to be ; because back of Ihein are the railroad 
tnauagers and promoters of hirge enterprises, who do not rec- 
ognize the necessity for iirst-cl ass inspecliou. and who are often 
not willing to ipaj one half of what such inspection is worth. 
Here again, though, the inspectors are to blame, for the reason 
that in the keenness of their competidon tat work they have 
cut prices to such an extent as to make it impossible to do 
proper inspection without losing money. When pinned down 
to facts they have to confess this. Thy coolness of some of the 
"small fry" inspectors is often amusing. The author was 
once hauled over the coals by one of this class who had put in 
a low bid for some inspection, and whose tender had been re^ 
Jected because of the low figure^ the work having* been 
awarded to one of the regular inspecting bureaus at about fifty 
per cent more than the unsuccessful bidder asked. After 
expressing his mind pretty freely, he fired this parting shot : 
•* Well, I uever intended to do thorough inspecliou for you, 
anyhow." 

The inspection business has been utterly demoralized in 
times past by just such action as that contemplated by this 
inspector ; for- it was the general custom, and is yet to a cer- 
tain extent with some inspectors, to take contracts for inspec* 
tion at whatever figures the purchasers are willing .to pay, 
then handle the work so as not to lose money on ibe contract, 
regardless, of course, of the interests of their employers. 

Strange tales coiicennuL'" iHsi)ection come to the ears of 
engineers — such, for instance, 4is passing car-load after car-load 
of metal-work that was not seen by the inspector until after 
loading for shipment ; but such tales need verification, whioh^ 
of course, it is nobody's business to give them.- There is no 
doubt, though, of some of them being authentic : In one case 
in the author's experioice the inspector left his work for ten 
days in rhargt of one oj Ui-e bridgo-coNijHiiLy'b ^hippijiy-cltrks, 
without notifying either the author or his direct employers, 
the luspeciiou bureau, of his couLcmplated abstiuce. Such. 
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actions as this make odc entertain doubts sometinies as to 
whether inspection really pays. 

It is possible that the geueral demoralization of metal in- 
q[>ectioQ by iusufflcieut prices and keen competition has low- 
ered tbe qualily tberoot to sucli an extent that even the higheat 
possible prices woald not make it, for aome time to oome, 
what it ought to be ; because not only are the asaiatant in- 
spectors lacking in proper training aud thoroughness, but the 
manufacture 1*8 have become accustomed to a certain class of 
inspection, nnd would deem it a hardship to be subjected to 
mucii more rigid requirements. Eventually, however, the re- 
sulting improTement in manufacture of metal-work would be 
an advantage to the manufacturers as well as to the pur* 
chaaef*. 

A decided improvement In inspection can be brought about 

only by concerted action ou the part of the principal inspecting 
bureaus and inspectors of the country, b.u ked, of course, by 
the aid of all engineei's who are directly interested in the de- 
aigning aud building of structural metal work. If these in- 
specting bureaus and inspectors of established reputation were 
to f otm an association for the purpose of determining what 
inspection should consist of » and what minimum rates should 
be charged therefor by all members of the association, and if 
admission lo the association ere based upon both cxporience 
unil good ffiith, it would be ju-acticable to make very quickly 
the improvements requisite for bringing inspection up to an 
almost ideal standard of excellence. For a while a good deal 
of work would go to the inspectors outside of the association ; 
but ere l<mg the general public would become educated to the 
fact that good inspection of metaUwork is a necessity, and 
that it can ouly be obtained by paying living prices to those 
who do the work. 

Engineers, in order to aid in the good work of the associa- 
tion, should refuse to include the price of inspection in thi^ 
fees for engineering work, and should make it a rule to em- 
ploy for doing their inspection only members of the assoda* 
tioQ. 

Certain enguieers of hi|^ standing have spoken slightingly 
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of Ulis proposiliou to form an associjitiou of inspectors, term- 
ing it a *' trust." Strictly s})enkini^, it certainly would par- 
take of the nature of a trust, but it would be a good and 
wortiiy oue, wliose luaia obj^'ct would be to effect a mucb- 
aeedod leform. On the aame baau tlio Araeiioan InalUute of 
Axobitecto U a trusi, the roaaoa thai it eetabllahcs a mini- 
mum fee of fire per cent for the making of plana and specifi- 
cations and for the services of an inspector on all building 
work; and surely such an organization should not be c<3n- 
demncd on this account. On the coiitrriiy, the architects have 
set the engineers a good example in forming this association ; 
andf until engineera follow tlieir lead in this particular and ea- 
tablisli minimum foes for professional work, the engineering 
profession will fail to attain its highest degree of efliciew^, 
and will therefore not be properly recognized as a profession 
by the genei-al public. 

Returning to the question of the inspection of structural 
steel, the author herewith presents, as his idea of what good 
inspection should consist, his standard instructions to the in- 
specting bureau which he employs and to its inqveoton at 
mills and shopa. 

First Study carefully the engineer's drawings as soon as 
they are finished, and make out a list of special points and 
f L jitures that will require extra care in the shops to secure 
good workmanship and proper tilting, then make out a type- 
written report ot these and submit it without delay to the 
Engineer. 

Second. Study carefully, as soon as they are finished aad 
approved, all shop drawings, so as to become thoroughly 
ftofliar with the entire construction. 

Third. Make sure that metal of uniform chjiuicter and of 
the strength, elasticity, and ductility specified is furnished by 
the rolling-mills, following the metal trom one process to an* 
other from start to finish, and making sure that the test^yieoss 
broken represent correctly the metal they are supposed to 
represent. 

Fourth. Obeck the chemical analyses of the metal occasloB* 
ally, so as to see that th^y are properly made* taking care that 
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the Contractor is informed as to what piece the samples are 
takeu from, so that he can make a check test, If he so desire. 

Fifth. See that all the various tests indicated in the specifl* 
eaiiofns are made faithfully, the number of same dependiog 
xipcta the relative uniformity of the metai furnished. 

Sixthr. Make sure that all the punching is done with such 
care that the assembled parts will come together so as to make 
the rivet-holes mntch so jicei irately that when the reaming is 
finished tliere shall be no irregular holes. 

Seventh. Make sure thnf all pieces are cut to exact length 
and proper bevel > that all web-stifteuing angles bear pierfectly 
at top and bottom against fiange angles, and that there aie no 
loose rivets^ 

Eighth. Wherever rivets with flattened beads or counter- 
sunk rivets are called foi, make sure lh;U tiicy are properly 
chipped or otherwise l)r()ught to correct dinien-^ions; also see 
that the ends of all members are limited to the lengths beyond 
the last rivet or pin hole shown on the drawings. Give par- 
ticular attention to the ends of all posts and chord-members to 
see that the " OTer-nll " and the clear dimensions betwera jaws 
correspond faithfully to tiiose indicated on the drawings. 

Ninth. Take some effective means of ensuring that the en- 
tire work sliall cro tosfether properly and without difficulty 
during erection, and so that when completed it shall conform 
in every particular with the Engineer's design, eren if, to ac 
complish the same» it be necessary in special cases to assemble 
the entire work at the shops. ' 

Tenth. Watch carefully the punching and handling of the 
metal in the shops, so as to see that no cracks develop therein, 
and that lIk metal withstands properly the manipulation, 
showiiic: Jis pcrtecl iioniogeueily as is fouud in the best struc- 
tural steel. 

Eleventh. Condemn, as soon as it is discovered, any material 
unfit iu the slightest degree for use in the structure, no matter 
how many times it may have alrei^y been inspected and 
passed. 

Twelf [h. See that all metal-work is properly cleaned by the 
most approved methods and appamtus before the tirsl co^t of 
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paiot Is applied, and that the latter is allowed to dry Ihor: 
onghly before the metal-work is loaded on the cars for ship* 

Qieut. 

Thirleenth. See that all shop painting is thoroughly done, 
and that proper paint, mixed so as to comply with the specifi- 
cations, is invariably used ; and mai^e an occasioaal chemical 
analysis of the paint* taking care that the Contractor is notified 
of the cootemplated test after the samples are taken, in order 
that he may make a check analysis, if he so desire. Take 
special care to prevent any pieces of metal from being riveted 
together, unless the contiguous faces be first thoroughly 
painted. 

Fourteenth. Insist upon the discharge of any employee of the 
Manufacturing Company who wilfully violates or continues 
to violate the specifications and the instruetions given by the 
Engineer or his inspectors. 

Fifteenth. While endeavoring in every possible way to ob- 
tain good work, avoid aa much as possible doing anything to 
annoy or harass the Contractor; but, on the contrary, take 
special pains to aid him in every legitimate manner to iinish. 
his work quickly and inexpensively. 

Sixteenth. Formulate and prepare for each large piece of 
work the best practicable method of recording progress and- 
reporting thereon, and divide up the total work into groups or 
sectionp, so that the notes may be easy for reference. This 
should be done by the inspecting bureau, and should not be, 
left to the shop inspector. 

Seventeenth, Send into the olhce of the Engineer regular 
weekly reports oonceming the progress of the work, any 
special reports that from time to time appear to be required*, 
the tabulated results of all tests of materials, and copies of all 
shipping bills. 

Eighteenth. Make sure tliat ull shipping weights are correct 
by seeing the metiil weighed, and keep account of the wt i<;lii 
of all metalsent out on the work, as the Contractor will bo paid 
by the pound. It will be necessary for the inspecting bureau 
to check all of these weights against the shop drawings to 
show how they agree or disagree. A detailed statement of 
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both sets of weights must be sent to the EDglneer upon the 
completion of the oontraet, or, at his request, upon tlie oomr 
pletiou of auy definite portion thereof. 

KiuLleenlh. The iuspecting bureau shall, unrler no circum- 
stances whatsoever, intrust responsible work of any kind .lo 
insuflicjently trained assistants. When new inspectors are tQ 
be bi-oken in, tbej must receive their training in such a way 
as npt to jeopaidisEe in tbe slightest degree the quality of thq 
material or workmanship. 

Twentieth. Finally, and in short, do all you can to make the 
structure in every sense of the word a credit lo all concerned 
in its designing and construction. 

The author has liad mnde for him lately by Mr. li. T. Lewis, 
one of bis inspectors, a rather interesting series of tests to de^ 
termine the average accuracy of punched rivet-holes. These 
tests were made after the metal was assembled for reaming by 
inserting rods of vai'ious diameters in the assembled holes. 
From the results of these tests the author has prepared ihe 
following clause fui Llic speciticalions given in Chapter XVTII. 

** All punched work shalT be so accurately done that, after 
the various component pieces are assembled and )}.;fore the 
rcfiming is commenced, forty (40) per cent of the holes can be 
entered easily by a rod of one sixteenth (^) of an inch less 
diameter tban that of the punched holes; eighty (SO) per cent 
by a rod of a diameter one eighth (}) of an inch less than same; 
and one hundred (100) per cent by a rod of a diameter one 
quarter {\) of an incli less than same. Any shop-work not 
coming up to this requirement will be subject to rejection by 
the inspector." 

It will be noticed that this specification does not reject 
absolutely all work that does not come up to its exact require* 
ments, the inspector being allowed some latitude in distin- 
guishing l)etween simple and complicated shop-work, impor- 
tant and u!)iin])orUuiL connections, and the assembling of few 
and ot numerous component pieces. 

If the Association of Inspectors herein suggested were estab- 
lished. it could do good work for the engineering professiou 
by laying out a series of tests of full-sized members and details 
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of bridged ftnd oilker strttctunil tnetid-work, to be ma^e from 
time to (iiiie as a pbrtioD of iht inspectiou for lar|!^e cod tracts. 
This would need tlie assistance of the consuliiug engiueers, 
wbo, In pt cpariug their speciflctitions, should iuclude, as a 
part of the woi k of the manufacturers, the making, uuder the 
mtpervtoion of the ioBpeotors, of certain teats of fvUlak/e parts, 
it being understood at (be o&taet that ihe results of such tests 
shall be of direct value to the acoompiishment 6f the work 
covered by the specfflcatfons. The author has for the past five 
years been eiuleavoiiug iu this way to obtain some nmch- 
needed iiiforuiatiDD concerning the strengih of both m;nn 
members and details of bridges and elevated railroads; but his 
attempts to have the tests made have not always proved sue- 
cessfuL 

As for the p«t>per price to pay for llrst-61afls inspection, the 
author would state that some three years ago he subitiitted to 

several of I be principal inspecting bureaus a draft of instruc- 
tions to inspectors at mills and shops, similar to those incor- 
porated in this (chapter, with a request that they tender upon 
iospectitig for lum, according to said instructions, a large 
order of structural steel ; and that the bids received varied 
from one dollar to one dollar and twenty-five c^nts per ton of 
two Ihoustind pounds. Subsequent experience has proved to 
the author that such inspection as he then called for is worth 
fully one dollar per ton for large orders and :i ti ide more for 
sniiiller ones ; alihongh it is very seldom that suchapriqe is 
paid in this country for inspection. 

In respect to inspet^tion of materials and workmanship in 
the fleldt the following instntctious, which the author has pre- 
pared for hia field forces of eugineera and inspectors, will be 
found to cover the subject pretty thoroughly. 

(a) x^tal-wobx. 

First. Examine with the greatest care all of the metal-work 
as fast as it is delivered, so as to make sure that it has not beeu 
injured during transportation, and keep an eye on it there- 
after to see that it is not injured dutiug erection. See also 
that there are no missing parts. 



Digitized by Google 



IKBPEOTIOK OP MATBBIAL8 AXTD WORKMANSHIP. 889 



Second. See tliat tlio met!il-work goes together properly and 
expeditiously, and report to the Engineer all necessity for 
chipping or filing on account of bad shop-work. 

Third. Watch carefully the rivetiog to see that no burnt 
rivets are used, that all fleld-riTets are drlTen in accordance 
with tlie speeiflcationBy and that no loose rivets are left in the 
work. 

Fourth. See that all vacant spaces in the metal-work ure 
completely filled with paint-skius or other water-proof mate- 
rial liefore the paiutiug is begun. 

Fifth. In elevated-railroad work see that during the erec- 
tion of the metal- work the lengths of the girders are sufflciently 
correct to prevent all possibttity of using up the spaces pro- 
vided for expansion, assuming the greatest temperature of the 
metal to be one hundred and twenty-five degrees. See also 
thai llio expansion and contraction of the structure cannot in- 
jure the stairways. 

Sixth. In drawbridges, see that the masouzy of the pivot- 
pier is levelled off with the greatest accuracy, and that the 
lower track«segment8 are sot to exact position and level, thus- 
making a perfectly conical surface for the rollers. See also 
that the latter are adjusted so as to bear evenly at top and bot- 
tom against both upper and lower track-segments. 

Seventh. Bee that the ends of draw-spans are properly 
adjusted by means of the shimming-phites on the rest- piers 
and those in the bottom chords near the pivot-pier. Make 
sure that in every particular the draw is reversible end for 
end; and see that all shafting is properly aligned so that there 
will be no binding in any of the bearings. 

Eighth. See that, before the operating machinery is tested, 
all sliding'or rolling surfaces are thorouglily luhric ated, and 
that the turntable is cleared of all obstructions, mr.h as nails, 
etc, on the lower track-segments. Then make a test of the 
machinery and compute therefrom the horse-power required 
to operate the draw. 

Ninth. See that all anchor*bolts are set in exact position and 
to correct level, and that they are properly grouted in. 

Tenth. In placing the bearings for arches, take the great- 
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M care thai the oentres aie set to oxaot poikiott and kvel, 
and that the bearings for the aietal-work oa the maaooiy are 
perfect. 

Jbjleventh. Whenever ihere hic any adjustable rod^ used in 
a structure, see that they are |)roperly tightened before the 
work is left, taking care that they are not ecrewed up mare 
tightly than is really ueoeasary. 

(b) rails. 

First Exanfne all rails as soob as recelTed, so as to see that 

there are no poor ones which have escaped Lhe rail-inspector's 
eye» or wiiich have been loaded for shipment aftei Ix ing re- 
jected, lo^ecl also all other track-metal, such as augle-bara. 
bolt8« and braces, so as to see that thenfr are of the oorreet type 
and are delivered in good shape. 

Second. See that all rails are laid to ezaet liae and level, 
and that they bear properly everywhere. 

Third. In draw-spans, make sure that the track-rails at the 
endb will not interfere with the operation of the draw. 

(c) TAxnmsB. 

First. See that, after proper cleansing and retouching with 
paint, the metsl-work receives its first fieldH»)at of paint as 
soon as pcacticable after erection, aad that the next coat ia 
applied ns soon as practicable after the first field-coat is 

thoroughly dried, but in no case before. 

Second. Make sure that all paints used are of the proper 
color, quality, and consistency, and that no adulieraots or 
thinners are used ; also, that all paint is properly applied. 

Third. Look caiefuily to the painting of all close spacea 
between metal, and see that it is done effectively with a piece 
of dotii, according to the specifications* 

Fourtli. See that all portions of the metal-work, which are 
to rest on the masonry or which ai-e to be embedded in the 
concrete, receive their two tieUi-coats of paint in due time, so 
as to dry thoroughly before the said meial work is erected. 
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(D) BXCAYAHOK. 

First. Watck carefully all excavaiioo so as to make sure 
that it is doue in strict accordauce witL the specifications and 
with the City OrdiDances, if there be any. Bee that, in doing 
the excayation and in trailding the structure, the Contractor 
does not ohetract puUlc traffic. 

Second. In foundation-woric in cities, see that all pipes and 
sewers are moved properly and coupled or spliced effectively 
after bciii«^ uucouplcd or cut. 

Third. WLieuever there is any doubt about the proper re- 
sistance of any foundation, test it by loading it by means of a 
properly designed and built apparatus. Always ram thor- 
oughly any foundation where the resistance to load would ba 
increased by such ramnung. See that the material from the 
sides of the pits is prevented from falling in. 

Fr)urth See thjit nil surj)hi:s iiialeiiiil is removed expedi- 
tiously from City streets, and that, whenever any piece of con- 
struction is completed, all falsework, rubbish, etc., are re- 
moved from the site and are deposited in an unobjectionable 
place, 

(b) vouhpatiovs. 

First. See that the bed-rock is always pn^ierly piepanNl to 
receive the caisson or masonry, as the case may be, letting the 
caisson into the rock so as to provide an even bearing around 

the culling edge, and levelling or stepping off or filling up 
with coucrele to receive the latter. 

Second. Id elevated-r;n'li<a!l \voik, see that wherever 
coiuuius are located iu the street their feet are properly en- 
cased in concrete, and that cast-iron fenders are correctly set 
around the columns and filled with concrete and grouting, then 
sealed efEectively against the ingress of water. See also that, 
after the columns are up and encased, the pavement Is relaid 
in a substantial manner, to the satisfaction of Uie City au- 
thorities. 

Third. When large steel cylinders are used, see that they 
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aie kept well bnu^ed with timben on the inside daring ainc- 

log, so as to avoid all possibility of collapse. 

Fourth. See tbiit proper guides arc provided for all cals- 
som and CA'liuders, so tbat ibey cao be kept in exact horizontal 
position during the enlire sinking. 

Fifth. See that tUe tope of all piers are properlj finished off 
to receive the superstructure, takhig care thai all beariugs are 
made perfectly smooth and to exact leveL 

(v) cAiaeONS. 

First. In building timber caissons, see that tbc plans are 
followed exactly, aod that the full quantum of timber bolts is 
used ; also^ that short timbers are not put in where long ones 
are called for. See that all timbers are properly framed. 

Second. In sinking caissons, see tbat they are never allowed 
to deviate materinlly from cf)rrect position, and that all errors 
of position are corrected as soon as possible after they are dis- 
covered. 

Third. In filling working- chambers of caissons, see that the 
concrete is pacl^ed tightly against the roof, and that no voids 
whatsoever are left therein. 

(g) cement and concrete. 

' First. Test all the cement, according to the special instruc- 
tions therefor, so long before it is needed for use that the 

Contractor sball not be delayed by such testiui;. 

Second. See tbat all cement is boused so as to be protected 
eliectively from tbe weatber, and tbat no dampened or other- 
wise injured cement is allowed to be used on the work. 

Thiixl. Inspect as soon as delivered, and if possible before 
it is dumped on the ground, all sand and broken stone, so as 
to make sure that they comply in every particular with the 
specifications; and insist always upon all of these materials 
that are rejected being removed immediately from the vicinity 
of the bridge site. 

Fourtb. See that strong and proper forms for concrete are 
used in the construction of all pedestals, and that ail visible 
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portions of the latler are tinisUed oH siuooLli, tlic lop surface 
beinp; broil L!:iit to exact elevation and made perfectly level. 

Fiftli. 8ee that all concrete is mixed according to the speci- 
fications, that it is pat ia place immediately after mixing, and 
that it is tlioroughly rammed. 

Sixth. See tliat no injury is done to the concrete in remor-i 
ing the timber form^, or, if any be done, that It be properly 
repaired ; also, that the timber be left in whenever its removal 
would tend to injure the work. 

Seventh. When concrete is placed under water, see that 
either a tremie or proper collapsing- bucket be used, and that 
the water be not permitted to injure the concrete. See also 
that all such concrete is mixed extra rich, 

(h) PILINQ and TBESTXiEWOBK. 

First. See that all piles conform in size, quality, and 
straightness with the requirements of the specitications, even 
if they haye been already passed by the timber inspector be- 
fore diipment, and reject any that are unfit for use. 

Second, See that all piles are driven straight and in proper 
position, and that the tops are not unduly injured in driying, 
having the said tops banded, whenever necessary to prevent 
splitting. 

Third. See that all piles are cut off at tlie cxmi elevation 
required* and that the caps are properly drift- bolted thereto. 
On curves see that the superelevation is obtained properly, 
and not by shimming up on the caps. 

Fourth. See that all sway-bradng is bolted elEectively to 
the piles and caps. 

(l) TIlfBBR, VLOORINO, AKD HAND-RAILS. 

First. Inspect all timber as soon as delivered, marking 
plainly all rejected pieces ; and see that all such pieces are 
removed from the vicinity without delay, in order to prevent 

their being put into the 8tructui*e without the knowledge of 
the resident engineer. It is, of coui-se, permissible to use the 
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good portions of rejected timbers ; but in doing so great care 
should be exercised to prevent t])e -^vnTknu n from puttiuer nwy 
poor material iuto tliu work. The fact tliat all the timber re- 
ceived had been previously accepted by the timber iaspector 
is DO reason for using uusatisfactory material; moreover, 
■omedmes it happeos that timbers which the lospeetor has 
never even seen are marked with hts stamp and shipped. 

Beoond. See that the floor system is properly laid and 
attached tu Liie inctaiwoik, that each rail bears effectively 
upon every tie which it crosses, and that the i*ails are laid 
stiaight, evenly, and to exact grade. 

Third. See that the h:iDd*ruiUiig is bix)Ught to proper align- 
ment, and is held there iu a permanent manner. 

Fourth. See that all joists in highway bridges are properly 
dapped on floorpbeams so as to bring all of their upper sur- 
faces to exact elevation or elevations ; also, that all inter* 
mediate joists lap past eacli other fur enough to reach entirely 
across the top flanges of the floor-hcnms. See that the outer 
lines of joists abut and run continuously, and thai they are 
effectively spliced on the inside. 

' Fifth. See that all joists in which the depth «cceeds four 
times the thickness are bridged at distances not to exceed 
eight feet, and that when the hand-railing depends for Its 

rigidity^ upon that of the outer joists the latter are weH 

bridged and otlierwise stiffened where the posts are attached. 

Sixth. Bee that alternate hn]\^ altarhin^ <ruard-rails to 
floor pass tlirough both the flDoiing anil the outer joists, and 
that all holes through the latter are bored in the central plane 
of the joist, 

(j) MASONKY. 

First Inspect all stone as soon as received, so as to see that 

it has not been injured in transit, and that it is satisfactory in 
every pm licular, even if it has already been passed by the 
atone innpector. 

Second. Bee that all stones are thoroughly cleaned and wet 
before being laid. 

Third. See that all mortar is mixed in the proper propof- 
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tion, and tiiat it is used on tbo work before any set hMi 
occurred. 

Fourth. Bee tb:it all joints are thoroughly flushed with 
mortar, and UihL iu> voids are left au^^where in the iiuisoury. 

Fifth. See that all coping-stoues are set so that the top of 
the pier will lie iu a truly horizontal plane, and that they are 
kept in place bj proper clamps and dowels as per plans. 

Sixth. See that the exposed joints are all cleansed and 
pointed in a thorough and workmanlike manner, and in 
accordance with the specifications. 

(k) GBNBKAL IN8TBUCTION0. 

First. See that all pro(>er precautions against accidents to 
the public and to the workmen be taken during eredion, and 
that no glaringly .careless man be allowed on the work. 

Second. If there be more than one Contractor on the work» 
see that no friction arises between contractors, and that their 
combined work is finished in crood shape. 

Third. While dohig everything iu your power to obtain 
gootl work, avoid as much as possible worrying or harassing 
the Contractor, and use every legitimate endeavor to aid him 
to complete his work expeditiously and inexpensively. 

Fourth. Finally, and in short, study the speciflcations care- 
fully, and do all that you can to insure the straeture's being 
in every respect a credit to all concerned In its designing and 
construction. 

In respect to the testing of cement on con<5triictioii work, 
the following iustriictiorm, which the author has prepared for 
his resident engineers, will give the reader all necessary infor- 
mation, it being understood that no brands of cement are ever 
used except those which either the author or his assistants 
have previously tested thoroughly by long-time tests^ and 
which have proved to be perfectly satisfactory : 

First. In testing cement in the field, remember that it is not 
a series of laboiaU^ry tests which you are to make, but that 
your object is simply to se<' that you are receiving uiul using 
cement of an average quality Uiti standard bnmd or brands 
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idopted. And that it oomes up to the general requifements of 
tbe spectflcatioDS. 

Second. Look out for irregularities in tbe quality of the 
cement, so as lo avoid usins^ any that is either too old or too 
fresh, or wl)ich has beeu iujurecl by dampness. 

Third. Test first for fineoess, second for soundoess, third 
for activity, and fourth for rise in temperatuie, rejecting all 
cement which is unfit lor nse because of non-compliance with 
the specifications in these particulars. 

Fourth. It will seldom, If ever, be necessary to reeort to the 
boiling test, wliich is essentially a labonitory test ; although it 
may prove useful in rti emergency to (l<:termiiie conclusively 
whether certain cement is Hi for use or not. 

Fifth. Test all cements for the tensile strength of neat 
briquettes, making one day and seyen^day tests. Never pass 
cement on shorter time*tests than seven days, as the onenlaj 
test is by no means conclusive. 

Sixth. Make, more for your own satisfaction than for any 
other reason, a few saud-bi iqiiette tests for seven and twenty- 
eight days, so as to know the value of tbe mortar which you 
are using. It would not do to rely on sand -briquette tests for 
the aooeplance or rejection of cement, as this would delay the 
worl£ too much* 

Seventh. Tou will often have to use your judgment about 
passing or rejecting cement that is needed for immediate use 
and which fails in some comparatively uiiimpoilant point to 
quite fill the recpiirements of the specifications. Iibither than 
delay the Coutmct jr materially, pass such cemeut, provided 
that in your opinion its use will in no way injure tbe quality 
of the work ; but, on the otber hand, if the rejection of the 
said cement will not delay the Contractor seriously, insist on 
its complying with the specifications in every particular. Be 
careful not to let the Contractor run in any poor cenieul or 
force it upon you bcoanKe of nwy assumed or real necessity for 
haste in completing the construction. 

In respect to inspection of stone for masonry, tbe author 
offers, as his idea of wliat stone-inspection should be, the fol- 
lowing instructions to stone-inspectors, it being understood 
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that they apply ooly to slone from qnarrleg that have been 

previously itivesligated aud foimd satisfactory: 

First. Reject uU stone containing any dry seams. These 

seams are often very hard to detect ; hut usually by a careful 

inspection of the surface of the stone Ibey may be found. 

Sometimes a mere line is all the evidence of the existence of 

such seams, while in other cases they show more plainly. 
Second. Reject all stone containing seams called "crow* 

foot/' which are either open, or which are liable to dissolve 

out after exposure to the weather. 
Third. See that no stone is quarried at a time when it is 

liable to freeze before the quarry-sap is out of it. Stone 

should be quarried at least a month before it is allowed to 

freeze. 

Fourth. See that no powder or other explosive is used in 

quarrying the stone, excepting to remove ledges of useless 

stone, and even then make sure that no stone to be used is 
injured by the explosives. 

Fifth. If the stone be of such a character that the quarry. 
. bed cannot be told at a glance, the Inspector must mark each 
stone in such a manner that it will be sure to be laid in the 
wall on the said quarty-bed. 

. Sixlh. Reject all stone which is taken from any portion of 

the quarry that is affected injuriously at any time by frost. 

Seventh. See that all stone is handled carefully after being 
taken from the quarry, so that no cniclts are developed or 
other injury done thereto by rough usage. 

Eighth. See that all stones are^cut to the exact dimensions 
called for by the plans, and that they comply in every partic- 
ular with the specifications. 

In respect to inspection of timber, both in the woods and at 
the sawmills, the author's iubtructions to his limber-inspectors, 
as follows, will be found useful : 

First. Study well aud compare with the mill people all 
.order-bills, looking carefully to the various lengths, widths, 
' thicknesses, bevds, numbers of pieces, etc., so as to make sure 
that your order-bills check properly against these furnished 
to the mill people and against the partial order-bills furnished 
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by fhe Iftliter to their vftrioiig employees, so as to avoid all pos- 
sibility of errors. If any be found, correct them yourself, if 
possible ; but, if not, refer them to the Engineer for correc- 
tion. 

Second. Each timber-inspector is to be provided with a 
special stamping hnrnmer of his own, tliat has a characteristic 
mark which will ideatify all limber passed by him. He is lo 
keep this hammer at all times la his own possession, so that it 

can be put to no illegitimate use by interested parties ; and 

under no circumstauces is lie lo lend it to another inspector. 

Third, Each timber-inspector must study carefully the 
speciOeutious furnished hiui, and must be governed thereby; 
nevertheless, there will be occasions when he must trust to 
his own Judgment as to what timber is fit and what is unfit lor 
the required purpose, for general speciflcsitioiis caonol l>e 
made broad enough to cover all eases that may ariae in filling 
a timber bill. Where a number of inspectors are employed ou 
the same piece of work, it will be necessary at the outset for 
the Chief Imsi m ; tor to interpret the specifications and supple- 
mentary instructions for all of the assistant iuspectora, so that 
the latter shall not differ at all in their requirements. 

Fourth. In inspecting timber beoareful to distinguish prop* 
erly between the Tarious varieties that are fit and* those that 
are unfit for use. If not otherwise stated in the specifications, 
you are to accept and reject uis iollowai ; 

OAKS. 

Accept whiie, oow, ohincat>ia, post, burr or overcup, and 
live oaks. Reject red, Spanish or water, black, black-jack, 
and pin or ysliow butt oaks. 

PINES. 

Accept white, Norway, long-ienf Southern yellow, short- 
leaf yellow (for certain purposes ( nl} ), and Cuban pines; also 
Oregon fir. Reject Southera ved, loblolly, and Rooky Moua- 
. tain yellow pines. 
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CYPRESS. 

Accept red, black, and yellow cypress. Reject white cy- 

Fifth. Secure timber of as uniform a diarBeter as posalMei 
avoidiag any that shows large beart-cljecks or growtb-checki, 
and rejecting any which has such defects within one inch of 
face or edge of timber. Avoid all coarse-growth,- open- 
graiued tiuiber, if other timber be procurable. 

Sixth. Reject any sticks that show signs of worm-holes, de- 
cay, scorching by forest fires, ring-heart, ring-shakes, rotten 
or black knots, dark or discolored spots, or any other defect 
tliat would impair the strength or durability of the timber. 

Seventh. Bxamine carefully by probing with a wire ail 
hollow or bird*eye linots, and, should the hollow be over one 
inch deep, reject the timber. 

Eighth. Check lengths of cutting gauges every day, as they 
are liable occasionnll} to be knocked out of position. Check 
widths nnd thicknesses at each change of the machine. 

Kinth. In inspecting piles, look carefully to their straight- 
ness, and see that they comply in this and in every other par- 
ticular with the specifications. 

Tenth. See that due care is used in handling and loading 
timber so as not to bruise it ; and under no consideration allow 
it to be floated in the water after it is cut and dressed. 

Eleventh. Keep a daily record uf a 1 timber accepted, so 
that tlie Engineer may be informed on short notice as to how 
much of any bill has been cut. 

Twelfth. Notify the Engineer or other proper party of all 
shipments, and keep an accurate account of everything 
shipped, so that upon short notice a statement in respect to 
any uncompleted order can be made, giving the amount that 
has been shipped and the amount that remains to be for- 
■\vai(led. 

Thirteenth. The Chief Inspector must make regular monthly 
reports to the Engineer or other proper party or parties con- 
cerning the progress of the \vork, quality of timber furnished, 
etc.; and must send in monthly statements of all moneys 
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received and expended by bim in eoBDeetion with hia work 

of itiflpection. 

Fourteenth. Use every endeavor not to cause by your in- 
spect ion any more handling of muterial tlian is necessary for 
doiog your work thoroughly ; and do uothiug to give the mill 
people needless worry or expense. 

In concluding ibis cbaptert the author desires to emphasize 
hie pverious etatmnent that, in order to obtain a truly firsts 
class structure, it Is necessary not only to design it properly 
and prepare thorough spcciiications for its building, but also 
to provide a corps of competent and honest inspectors, who 
will from start to finish examine carefully and test all aiate- 
rials that are to be used, and who will see that tbe entire 
manufacture and erection are done in strict compliance with 
tbe spedflcatlons. 
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CHAPTEIi XXn. 
DESIGNING OF PISB8. 

Thb object of this chapter is not to provide the bridge- 
builder with either a complete specification for building piers 
of all kinds or full directions as to sinking tbem under all 

possible ciicumstiiDces, but to iudicuU* to the designer, first, 
how to determine the best kind of piers to use at any pro- 
posed crossiiig, aod, second, bow to proportion theiu. Text- 
books on substructure do not generally cover this ground, 
but deal mainly with nuisonry specifications and methods of 
sinking piers. The reader who desires to learn anything con- 
cerning piers which is not given in this chapter is referred to 
Baker's ** Treatise on Hnsonry Construction " and Patton's 
*• Practical Treatise on Foundations." 

In determining the layout of spans for any important cross- 
ing, tbe first question to settle is v, \nil method of pier-sinking 
to adopt, for upon this will depend to a certain extent the 
span lengths* 

The three principal methods in common use are as follows : 
L The Coffer-dam system. 

2. The Pneumatic process. 

8. The Open- dredging process. 

Tbe use of coffer-dams is, or should be. limited to crossings 
where tlie bed rock is not more liiau ijfLeen feet below the 
ordinary stage of water, and where there is no great, sudden 
rise anticipated. This method always figures low in tbe pre- 
liminary estimate, but is generally found to run much higher 
when the total cost of the finished structure is computed. 
The author nearly always discourages his contractors from 
attempting to use this method ; and thus far bis experience 
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proves tbat» when they fail to adopt his advice about it, they 
axe generally sorry therefor by the time the work is finished. 
Coffer-dams are liable to give trouble In several ways: first 

by leakage, second by floodiug, and third by collapsiDg. If a 
Contractor gets throiicli a large piece of coffer-dam fouudatiou 
work without accident or trouble of some kiud lie is iu gi-eat 
luck. 

For bare bed-rock, movable coffer-dams may be employed ; 
but they are troublesome to construct, and are sometimes very 
difficult to remove because of a deposit of sand taking place 
while the piers are being built. 

Tbe pneumatic process for sinking piers is in most cases tlie 
best one to employ, the only objection to it being tbe exces- 
sive cost of instnlling tlie plant, even if one has a roinpU'le 
OutUt at bis disposal. Its great advantages are that it enables 
tbe contractor to overcome, in tbe cbeapestand mostexpeditioiis 
manner possible, all obstacles that may be encountered Id 
sinking ; and that it ensures the obtaining of a satisfactory 
foundation for the piers. It can be used for depths as great 
lis one hundred feet or even more, altbongb tbere is consider- 
able danger to tbe workmen when tbe depth exceeds eighty or 
ninety feet. 

Most of the bridge-piers which the author has put in have 
been sunk by the pneumatic process ; and be 1ms no hesitation 
in recommending it as the most satisfactory, all-round method 
iu probably nine cases out of ten which occur in a consulting- 
engineer's practice. 

The open-dredging process Is suitable for very deep founda- 
tions, or for putting down caissons thai avc to rest on tbe sand, 
or for bed-rock foundation* wliere tbere is no liability of irroat 
scour. For large piers this process is much cheaper than the 
pneumatic on account of bot h tbe smaller cost of plant and the 
more rapid progress in sinking. In case, however, that ob- 
stacles be encountered, such as trees or large boulders, the 
expense for sinking Is liable to run high, as these obstacles 
may have to be removed by a diver or divers, which always 
involves great expense. Tlie author has put down tliree large 
piers by th^ open-dredging process, two to a depth of ninety 



Digitized by Google 



DE8IGNIKG OF FIBBS. 



feet and cue to a depth of one hundred and twenty-two feet 

below extreme low water, aud has eucountered do trouble 
worth moiitioniDg during the ginking. lu the case of the 
greater depth, a mass of Iwulders was found overlying the 
bed-rock. This was peuetraled as far as practicable hj ex- 
cavating the boulders and laying bare the bed-rock near the 
centre of the pier, then firing charges of dynamite at the hot^ 
torn till the cylinder refused to sink any farther^ lifter which 
it was filled up with concrete. 

It is probable that, if one were to try to sink small piers to 
any crreat depth by the opeu-dredging process, difliculty would 
be experienced because of tlie laek of sufficient weight of 
pier as cooipared with the large amouut of skiu frictiou. The 
latter in sand is generally a little lesa than six hundred pounds 
per square foot of vertical surface. On the East Omaha 
bridge the author arranged to reduce this friction by means 
of small water-jets placed around the circumference of the 
cylhttder about every six feet in height ; but these were found 
to be unnecessary, so were not used. In case of striking clay 
or any other sti( l^y substance, such an attachment might 
prove of great service. 

The open-dredging process is liable to abuse by the builders 
of cheap highway bridges, who, in order to save a little in 
first cost, use it to sink cylinder piers of small diameter moder* 
ate distances to bed-rock, which may in these places be laid 
bare or neariy so by excessive scour. With this process it is 
generally not practicable to anchor tlie cylinders firmly to the 
bed-rock, but witli the pneumatic process it is. 

There is ^( ill anotlier style of foundation besides the three 
described, viz., that whicii involves the use of piles. These 
piles may either support a timber grillage, upon whicli to rest 
the pier proper, or may run up into the concrete body of the 
pier. This class of foundation is of a cheap order, but will 
often answer the pui'pose very well, provided there be no pos- 
sibility of excessive scour. If the bearing capacity of Llie 
piles be small, it is best to spread them out aud cover them 
with a thick timber grillage ; but otherwise it will be found 
economical to run the piles up iutg the concrete. The author 
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has lately designed the piers for three ioiportant Southern 
bridges in the latter manner. They were put down without 
much difficulty, the principal biudrance being from sunken 
logs, and were eminently economical in first cost as compared 
with piers of other possible designs. 

Piers may be divided into the following daaaea in raped to 
tbe materials of which they are built : 

1. Stone-masonry piers resting on— 

A. Bed-rock. 

B. Timber and concrete caissons. 

C. Stee) nnd concrete cnissous. 

D. 1 imber grillages supported on piles. 

2. Brick-masonry piers resting on the same fonndatioDS as 
mentioned for stone-masonry piers. 

8. Unprotected concrete piers resting on the same foun- 
dations as mentioned for stone-masonry piets. 

4. Oblong steel shells filled with concrete and resting on 
the same fouudatiuuii uieutionod for stone- masonry 
piers. 

5. Cylinders filled with concrete and resting on — 

A. Bed-rock. 

B. Timber and concrete caissons. 

0. Timber grillages supported on piles. 
D. Piles. 

6. Braced steel piers resting on — 

A. Bed rock. 

B. Masonry, brick, or concrete piers. 

C. Cylinder piers. 

7. Timber piers resting on — 

A. Mudsills. 

B. Piles. 

Now in respect to which of these seven kinds of piers and 
which of their various supports it is best to adopt for any par- 
ticular crossing, ihc (jiigitieer must use his judgmeut, which, 
however, may be aided by the following remarks that are 
based upon the author's experience : 
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CHati No. 1. 

Masoniy piers should be used for important railroad bridges 
and for veiy iarge highway bridges, where first-class stone can 
be obtained at reasonable cost If good stone is not obtainable 
at a fair price, it is better to use one of the other classes. The 

proper way to pioportiou a masoury pier is lo determine the 
least size under coping to support either the pedestals them- 
selves or the pedestal-blocks, as the case may be, leaving a 
small margin on the exterior and ample room between ped- 
estals or pedestal-blocks to allow for rariatiou in erection, 
then batter the pier all around not less than one-half inch to 
the foot, or as much more as Inyestigation shows to be neces- 
sary. The coping should project all around about six inches, 
the amount depending upon the magnitude of the pier and 
the thickiiLss of the copitig course, which should be from 
eighteen to twenty- four inches. 

The batter for the sides is to be determined in the following 
manner : Compute for both the loaded and the empty struc- 
ture the greatest longitudinal components of the total wind- 
pressure that can come upon the pier from the two spans 
wiiich rest thereon, upon the assumption that the friction at 
tlie roller ends of tlie spans is zero. 

The direction of the wind which will give the gretitesL 
longitudinal thrust on the structure is forty-five degrees in 
respect to its longitudinal axis. As the cosiiui of this angle is 
i^proximately seven tenths, the longitudinal component of 
the wind-pressure per lineal foot of span will be seventy per 
cent of the assumed said wind -pressure. 

Find also the greatest Liaciioii thrusts trom braked trains on 
the assumptions that, hrst, the greatest live load is on the 
Structure, and, second, that the least live load, or one thousiind 
pounds per lineal foot, is on same. Now find the values of 
the following combinations : 

1. Thrust from wind load on empty bridge. 

2. Thrust from heaviest braked train. 

3. Thrust from wind load with lightest live load on the 
spans. 
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4. Combined thrust from lightest possible braked train, and 

a wind-piehsuie uu train uud structure equal tu uue half of 
that specified. 

Next determine by judgment tlie proper batter, and lay oft 
the pier to scale; tben divide it by horizontal planes from four 
to six feet apart, and compute the weights of all the portioos 
of the masonry between these planes, making a proper reduc- 
tion for weight of water for those parts which would be sub* 
merged by an average stage of river. 

Next compute tbe wind-pressure on eacli vertical divisi »ii of 
the pier, down to tbe assumed stage of water, in a direction 
pandlel to tbe spans, using the same intensity and direction 
for the wiud*pre88ure as were adopted in finding the longi- 
tudinal thrust from wind-pressure on the spans. 

Next find graphically for all four cases the carves of pres- 
sure from tbe vertical and horizontal loads at top of pier, com- 
bined with the weigiits of the various divisions of the latter 
and tlie u ind-pressnres thereon, and sec that none of the said 
curve'; Hi jiny plane of division pass outside of tbe middle third 
ol: the section at said plane. If any of them do, the batter 
will have to be increased, or, if all the curves fall much inside 
of tlie middle third points, it will have to be deofeased; and 
in either case tbe graphical computations will have to be made 
again, and so on until a satisfactory batter is found. 

The author h aware of tbe fact that this method of design- 
ing piers is not in general use, and it is quite possible that he 
is the sole engineer who adopts it ; nevertheless he maintains 
that it is the only proper way to design masonry piers. The 
single concession which he would be willing io make on the 
score of economy would be to assume that a certain small 
portion of the thrust on a span is taken up at the roller end. 
But if the rollers are in good working order the amount of 
thrust that they will resist is very small indeed — so small, in 
fact, that the author prefers to neglect it entirely. 

The ordinary method of proportioning piers is to make them 
as small as possible under coping and batter tbem all aix>uad, 
or at least on the sides, one-half inch to the foot. In some 
cases this will suiBee, but in others it will not. One of the 
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largest bridges in the United States has piers bnilt with such 

iuhuiiicieul batter that il is evideut at a glance, to cveu an 
untrained eye, that sometliing is wrong. By the way, one of 
these piers is cracked from top to bottom, owing to false ccon- 
omj in the design* but not l»ecauae q( its failure to figure 
properly for the curve of pressure. 

An inherent sense of fitness in the mind of the designer will 
generally tell him, when he looks at a scale-drawing of tlie 
superstructure and piers of a bridge, whether the latter are 
piupeily piupui Liuned. In the case of tlie Red liock cauti* 
IcTcr bridge over the Colorado River the piers were first laid 
out fourteen feet wide under copiug, with a batter of half au 
inch to the foot, and the dm wings were submitted to the 
author for his criticism* He immediately pronounced the 
piers to be proporUoned incorrectly, simply bOvause of their 
appearance. Their proportioning was then turned over to 
Lim, anil he found by trial thuL a but ter uf one and a quarter 
incbis \o the foot was necessary. This batter gave a satiafac* 
tory appearance to the entire layout. 

In nearly every case the length of the piers up and down 
stream, determiued by the minimum size under coping aud 
the proper side-batter for thrust, will provide sufficient 
strength and stability to resist both current and wind pntfk 
sure. A thorough investigation of resistance to overlurniug 
of piers down-stream is given in Baker's " Treatise on Masonry 
Construction." In it he proves that any pier which ij> largu 
enough under coping, and which has ordinary batter, will 
lesist properly the overturning teodency of the worst possible 
combination of loads from wind, curxent, and floating ice. 
Nevertheless, in long-span, siugle4rac1i bridges with very 
high piers, crossing swift streams that carry thick ice. and 
where the structure is exposed to hiirh winds, it is advisable, 
as a matter of precaution, to test liie piers for dowu-slream 
overturning according to Prof. Baker's method. Should the 
length of pier parallel to the stream be found insufficient, the 
neatest way to obtain the requisite stability is to put in a 
eoeked*hat Just above the elevation of extreme high water. 

Where a masonry pier rests on bed-reck, the hitter should 
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be levelled or stepped oft, and there should be placed a la^er 
of rich concrete between the rock and the masr)Mry. 

If an ice-break with an inclined cutting edge be necessary 
for any pier that rests ou a yielding foundation, a corresponcU 
iiig ice>break or gimilar offset should be placed at the down- 
stream end of the pfer also, even If its appearance be asincon- 
gruous as would that of a cowcatcher at the rear of a railway 
train ; for, unless the foundation be thus balanced about the 
centre of gnivily of the vertical load, the jxji tioii directly under 
the siipenslructure will tend to settle more llmii tlmt under 
the nose, and will thus cause a cracking of tliL' masonry and a 
splitting-off of tlie front of the pier. Such a disastrous result 
of the violation of the principle of symmetry in designing is 
by no means unknown, even in important railroad bridges. 

In respect to t!mber-and-concrete caissons for masonry 
piers, the following general remarks will prove useful to the 
designer : 

There should be an offset of not less than two feet all around 
the base of the masonry, and preferably a little more at the 
ends, so that in case the caisson be located a little out of 
place the masonry can be shifted thereon so as' to bring the 
pier into proper position. The number of courses of 
12" X 13" timber in the roof of the caisson should never 
be less than four and seldom more than eight. Any less 
number than four would be liable not to give the roof 
the proper stillness during the sinking, and any more 
than eight would tend to cause an undue settlement of the 
pier on account of the compression of the timber, which 
always takes place. The designing of the roof and sides of 
the working-chamber should be done with the greatest care, 
so as to prevent all possibility of collapse, and the cutting 
edge should be shod with steel plates to protect the timhc r 
when the caisson is passing through boulders or logs. The 
roof-timbers, if possiljle, should always be of full length, and 
the spadng of the bolts therein should not exceed four feet. 
The vertical timbers on the outside of the working-chamber 
should be carried well up into the roof, shouldered, and firmly 
bolted thereto. The crib above the working-chamber should 
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be sbeatbed so as to reduce the f rictfoo duiing sinking. The 
drift- bulls should be seven-eightbs-incli rounds driven into 
three-quarter-iuch bored holes. The filling of the working- 
chamber with concrete should always be done with the great- 
est care, using extra rich concrete, so that there shall be no 
▼oids between the concrete and the n>of. Port1and*cement 
of the best quality should be used for filling the worklng-> 
chamber and shafts ; but it is legitimate to employ an extra- 
good qualify of American iintaral cement for lilling the crib 
iu case that it be necessary to keep down the expense. How- 
ever, Portland cement is always preferable. 

Id respect to caissons built of steel and concrete but Utile 
need be said, except that great care should be taken to design 
ihe working-chamber strong enough to resist properly the 
-weight of the concrete above and the unequal pressures from 
boulders below. The metal below the roof of the working- 
chamber should not be less than one-half inch iu thickness, 
amd all parts near the cutting edge should have thicknesses 
varying from three quarters of ao inch to an inch* All joints 
in the cutting edge should be full s(>liced, as should also 
those in the roof of ihe working-chamber. 

Timber grillages resting on piles should have, preferably* 
not less than four courses of timber, although often but three 
aud more rarely two are employed. As the grillage is gener- 
ally wider than the masonry, it takes about four courses to 
distribute the weight uniformly (or nearly uniformly) over the 
piles. In case of an unusually wide grillage^ more than four 
eourses would be necessary, or else the masonry should be 
widened by means of footing-courses. Such grillages should 
be built with care, so as to have a level bottom; and all piles 
should be cut oil to exact level, otherwise there will be un- 
equal bearing between ])iles and grillage that might cause 
serious damage to the masonry. 

Brick piers are not common in America, probably because, 
until lately, it has been difficult to obtain proper brick.- In 
ihe author's opinion, piers built exclusively of hard-burned 
clinker brick and mortar of the very best quality of Portland 
cement, mixed in the proportion of one part cemeni to 
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two parts sand, and liav^inir thin joints perfectlj' filled, are 
better than the av(^rMfr<^ nui.sonry pier, for the reason that the 
bricks will never disintegrate, wiiile the average stone used 
for bridge-piers will. The author has not yet had occasion 
to buiki any brick piers; but be intends to give them a trial 
on fho fint opportunity. 

Unprotected concrete piers are satisfactory for Southern 
1 ivcrs, where the effect of frost is not severe, and where there 
\h no ice of any account carried by the stream. The author 
used this style of pier for the Arkansas River bridge of the 
Kansas City, Pittsburg, and Gulf Railroad near Redland, Ind. 
Ter. Beveral other Southern bridges liave piers of this type, 
and thus far they have proYod satisfactory. Their chief recom- 
mendation is their cheapness. In order to ensure their heing 
properly built, nothing but the best qualities of cement and ' 
sand sho\iUl Ije employed, and the mortar for the concrete 
should be mixed rich, pspecinlly near the exterior of the piers. ! 
8ome engineers give the work a skin-coating of rich mortar; 
but the author prefers to use finely broken stone and extra- 
rich mortar for six or eight inches all around, and to not at^ 
tempt to smooth down the exterior. Of conrse ft is practi- 
cable to put on a skf n-coat so that it will stay, and so that It 
will not liave a streaky appearance; but to do this requires 
more care tlifui the average workman is inclined to take. 

Steel shells filled with concrete make very satisfactory piers, 
provided they be not used in salt or hmckish water, which 
would rost them out In a short time. These piers are appli- 
cable where good stone for masonry is expensive, and where 
the piers must be protected from the abrasion of ice or from 
the excessive cold, which would tend to disintegrate even 
fairly good concrete. Such piers can be built in the usual 
form of masonry piers with rouiuied ends all the way up, or, 
when they pass much above high water, they may run off into 
two cyUndm with bracing between. Butt-splices are prefer- 
able, and thesplice^lates below the mud line should be placed 
on the Inside so as to offer as little resistance as possible to sink- 
ing. 

This style of pier is a favorite one of the author^s, for the i 
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reason that it is both sightly and inexpensive. When taken 
to task for nsiog it, as often happens, he replies, ** Good con- 
crete protected with steel Is hotter than poor masonry." 
In respect to the thickness of steel to use, the author's prac« 

tice is to adopt half an inch below the ordinary stage of water 
and three eighths of an inch above, although for cheap bridges 
be occasioually shades these thicknesses one sixteenth of an 
inch. 

For the coping of such piers stone may he employed ; but 
it is preferable to put on a moulding of sheet metal, as this is 
more in keeping with the rest of the pier. This style of cop- 
ing lias' been criticised on the plea that it Is false, and that it 

has no direct function ; nevertheless, the author considers it 
emiuently proper to use it, and that its function is simply to 
beautify the cuiisiruction by relieving the harsh outlines. 
Where stone coping is not used, the top of any kind of con- 
crete pier may be finished off with either rich concrete of 
small broken stone or with granitoid, mixed in the proportion 
of one part of Portland cement, two parts fine granite screen- 
ings, and three parts of small crushed granite. 

Cylinder piers filled with concrete are the most common 
kind of pier in America, and they are certainly the woi-st; 
nevertheless they have their place in good construction, 
when they are properly designed and built. Their abuse is 
due mainly to the builders of cheap highway bridges, who 
think that if the top of the cylinder is simply large enou to 
hold the pedestals, that Is all which is necessary, no matter how 
high the piers may be, how great may be the scour, or what 
kind of foundation there Is. If piles are employed as a foun- 
dation, they put in all that their small cylinders will hold, and 
never dream of its being necessary to figure how. many tons 
each pile will have to sustain. 

Cylinder piers are legitimate construction in places where, 
under the worst possible conditions in respect to scour, they 
will have a firm grip in solid material, say not less in depth 
than twenty per cent of the height of the entire pier. 

Cylinder piers will not often stand the test of the curve of 
pressures herein desciibed for masonry piers ; but this is not 
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oeoeasary, because they can resist tension on one aide in both 

the metal and the concrete, if the latter be of the correct qual- 
ity ; i.e., the cylinders can act as beams to resist the horizontal 
thrust of wiud and trains in the same way as do the columns 
of elevated railroads. Nevertheless for mlroad bridges the 
author would advise against the adoption of long cylinders 
for piers^ on account of their inability to resist vibration ef- 
fectively. In some cases it is economical to adopt a group of 
four comparatively small cylinders well braced on all four 
faces ; but with this style of foundation it is generally cus- 
tumary to employ braced piers resting on the cylinders. 

The diameter for a cylinder should dei^end not only i:pon 
the size required at the top, but also upon its height and the 
character of the foundation. It is sometimes governed also by 
tbe total vertical load to be carried, which should under no cir* 
cumstances exceed the limit set in the specifications given in 
Chapter XIV. Portland cement only, and that of tbe very 
best quality, should be used for filling cylinder pieis, and the 
filling should be done with the greatest care and thoroughness. 
Whenever the concrete has to be placed beluw water it should 
be done by using a treniie, and the composition of the con- 
crete should be much richer than that for concrete laid in the 
dry. 

Whenever a cylinder is sunk to bed-rock, it should be let 
Into same far enough to prevent all possibility of slipping, and 
so as to give an even bearing all around the circumference. 

This is an easy matter when the pneumatic process is employed 
forsinking, butit is often difficult when open dredging is used. 
This precaution is as necessary in the case of wooden or steel 
caissons as it is for cylinder piers, and should never be neg- 
lected where there is a possibility of scour to or near bed-rock, 
or where the pneumatic process is employed. 

In sinking large cylinders by the open dredging process so 
as to fill them afterwards with piles, it sometimes becomes 
necessary to put in temporary timber bracing bolted to the 
melal, in order to prevent tbe cylintlers from collapsing or 
from getting out of shape. Most, if not all. <»f tlie^e timbers 
will have to be removed before the piless can be driven. 
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It is economical sometimes to increase tlie diameter of a cyl- 
inder between top and bottom, but in such cases the lower 
twenty feet should be made plumb so that the cylinder can be 
•unk with ease and acouraey. This detail wa4 adapted for 
the Jefferson City bridge, the variation in diameter being oh* 
tained by telescopiug some of the lengths and putting in fill- 
ing-riugs. This required a Irille more metal than truly conical 
piers would ; but the shop-work was much simpler. 

The proper load for large piles inside of cylinders is about 
tliiriy tons each, although with yery large pHes and solid ma- 
terial to hold them it may be inoreased to forty tons. On the 
other hand, in case of bud foundations, it Is someUmes neees* 
sary to reduce the load to ten tons per pile. 

The proi>ei- distance for piles to project into cylinders is 
about fifteen feet, and should never be less than ten feet or 
more than twenty feet under any circumstances. With less 
than ten feet there will not be enougli grip for the concrete, 
and with more than twenty feet it is difficult to place the con* 
Crete properly under water between the piles. Piles in cylin* 
dera ^ould be driven as closely as possible, and precaution 
should bo taken to prevent the lifting of piles already driven 
by the sinking of the last few piles. When large piles are 
employed, the designer can figure upon six square feet of pier 
section for each pile. 

. The bracing between the up-stream and the down<streani 
cylinders of a pier should invaiiably be of solid webs, properly 
stiffened, extending from high water to near low water, in 

case there be any drift ; but for cylinder piers on shore an 
open bi-acing of struts and lies will sufl3ce. 

Concerning braced steel piers but little need be said, except 
that they should conform in their design with the specifica- 
tions given in Chapters XIV and XYX. It is advisable, if 
practicable, to avoid battering more than two faces of a braced 
pier on account of the troublesome shop*work that would be 
in volTed with a four-face batter ; nevertheless it Is often neces- 
sary to adopt the latter, especially for high piers. A possible 
objection to this type of pier is that for cnntilever bridge? it 
increases the defiection of the span hecau&e of the compreasioa 
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of the pier coluinn'^ nnrler load. An cxtreinc instauce oC SUCh 
compression is tiiat in the Niagara Caotilever bridge. 

Timber piers are merely a niike^ift, so do not merit niBcli 
ooDtflderatioD. Thejare employed flometimes to support steel 
bridges until money is aTsllable for bnildtng masonty pieis. 
It is seldom that timber piers are budlt ki large rivers where 
the cm itrif is rapid and tlie scour Is great. The author was 
once forced by circumstances into building pile piers under 
these conditions ; and altiiougk tbey are still standing, be 
would sleep better at certain seasons of the year, bad tbej 
Bsver been built. The piers lefeired to are the lemporaiy 
piers of tiM East Omaha bridge oyer the Missouri River. Tii^ 
were constructed In the winter, mostly on the sand-bar. by 
driving groups of seventy-foot red-cypress piles fifty feet into 
the sand by means of ii powerful water-jet, then shenthing 
the sides and nose with four-inch oak plunks and bracing the 
piles on the inside. The nose of each pier is on an incline, 
faced with steel plates where the ice can remch it, and forming 
a cutting edge that Is capped with a heavy lallioad rail. Baehr 
pier is surrounded with a woven willow mattress, eigbteeit 
indies thick, of the most substantial character, sunk and kept 
in i)lace with rock. Tliese piers liave received a much more 
severe test than was anticipated when they were designed, be- 
cause the channel has shifted across the river, so that at times 
there are tliirty-five feel of water where there was a dry sand- 
bar when the bridge was constructed. The mattresses have 
not been injured by the scour, but have simply been loweredt 
the edges going deeper than the portions near the piers. The 
only ill effect noticeable is the s[)ringiug down-stream of the 
tops of two ])i(jrs, in one case about six inches and io the other 
about eleven inches. In order to bring the tops of these piers 
partially back to place and prevent any further deflection, the 
author employed a detail which has piO¥ed to be ve#y satlsfae> 
* tory. It consists in passing one end of a strong Iron chain 
loosely around an up-stream pile and dropping the loop to the 
bottom, then attaching near the other end of the chain a steel 
rod with an adjustment. A number of these chains were used 
for each pier, the rods passing through heavy timbers at the 
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rear of the pier near the top. By screwiug up on these ad- 
jastments the tops of the two piers were moved back a little. 
Provision is made for future scour by leaving some spare chaio 
bejond the point at which the rod takes hold, so thai one chain 
•at a time cnn be loosened, lowered, and retightened. These 
Ejist Omaha bridge-piers will probably last a long time yet, 
althougli when they were put iii uo one anticipated that they 
would hp needed for more than eii^ht years. 

In sinking piers the greatest care should always be taken to 
start them in exact position and to keep them there. The in- 
stant it becomes evident that a piier or cylinder is getting out of 
correct position, it should be moved back, even if it be neces- 
sary to stop the sinking entirely until the true position be re- 
covered. Generally it is feasible to build a frame of piles and 
heavy timbers around each pier or cylinder, so as to guide it 
lo exact position at all times, barring a slitdit springing of the 
piles, which, however, can generally be guarded against. 

Some sixteen years ago the author had occasion to sink four 
eight-foot cylinders in the Des Moines River by open dredging 
to bed>rock, so as to form a single pier, the axes of the cylin- 
ders being located on the comers of a twenty-four-foot square. 
Unfortunately the author in making the design, owing to in- 
experience, bad provided no allowance for variation of location. 
The foreman of construction informed him tlint it was abso- 
lutely impossible to sink those four cylinders so correctly that 
the struts would fit between their tops ; consequently the 
author was compelled to undertake the superintendence of the 
work himself* He built a strong frame of piles and heavy 
timbers, all thoroughly braced, around the space to be occu* 
pied by each cylinder, cutting out the liorizonlal timbers to fit 
the curve of an eight-foot circle, and even gouging out places 
for the rivet-heads to pass. One of these horizontal guides 
was located close to the surtace of the water, and the other 
some nine or ten feet higher. The cylinders were dropped 
into these guides and sunk to bed-rock. After all four cylin- 
ders were in place, and partly filled with concrete, the struts 
were inserted between their tops, and were found to furnish a 
driving fit. This result was, perhaps, due as much to good 
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luck as to good maoagemeut ; bat the experience tangbt the 
author a lesson which h6 has neyer forgotteu, and which be 
desires to iai|)i ( ^- upon all young dciiiguers, viz., thai ia pre- 
paring any substniclure design it is essential to provide 
liberally for all poasibie variatious from correct poaitioA in all 
parts of the work. 

In respect to the designing of pedestals for eloTated rail- 
roads and the determination of the bearing capacities of soils, 
the reader is referred to the author's before-mentioned paper on 
Klcvaicd liailroada published iu the 1897 Trausaciwim oi Uie 
American Society of CItII Engineers* 
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The necessity for extreme accuracy in the tnangulalion for 
piers of longbritlges is not crenerally recognized ; lience result 
errors in pier location that sonietimes require the lengthen iug 
or shortening of the superstructure, or which involve the 
iidoption of an unanticipated skew. There is no excuse what* 
soever for any such errors In location, because the method of 
triangulatlon adopted should provide a check against not only 
blunders, but also even trifling variations from correctness of 
posiLiuii, and because the Contractor should invariably, at the 
outset of liis work, take such precautions as will prevent the 
occurrence of any variation in sinking iu excess of that pro- 
vided for in the Engineer's plans. 

In the triaugulatlons for bridges over large rivers, such as 
the Missouri^ the author makes a practice of measuring each 
base-line five times and each angle ttitrty times ; and no point 
is ever located without using a check from another base-line, 
thus provhiing an intersection of three liues, which llieoreti- 
cally should be a mathematical point, but which actually 
varies therefrom, L^ iHTally about a quarter of an inch, and 
sometimes even as much as one half of an inch, iu sights of 
about one thousand feet length. 

The author has tried both iron rods and steel tapes for 
measuring base-lines, and has adopted the latter as the more 
accurate. The objection to using rods is that it is almost 
impossible to run a line a thousand feet longTvith three rods 
that must jihvMys be made to actually touch each other with- 
out someliuRs di8lurl)iug slit^htly the posiiiuu of two of the 
rods, when either lifting or putting down the third rod. With 

817 
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a reliable steel tape properly handled, the extreme error in a 
number of measurements of the same line should be less than 
one quarter of an inch in one thousand feet. This would 

make the probable error of the average length considerably 
less than that amount. If any measuremeut show a greater 
varmtioa from tho average tlmn one quarter of an inch to the 
thousand feet, it should be rejected, and another nieasureuKut 
should be made to replace It. This presupposes comparatively 
level ground for the base-line ; hence, if <he ground be very 
irre^gular, a greater variation may be allowed* It should, 
however, in no case exceed one-half inch per tliousand feet. 

The tape line used should be a new one for each structure, 
and it should be tested at the bridge shops in comparison with 
their standard. As a matter of jtrecaution, it is well to te^t it 
in the field with another tape that is to be .set aside as a reserve 
and not used unless an accident happen to the primary tape. 

For very long and important bridges, especially cantilevers 
with long spans, it would he well to have the tape tested by 
the Bureau of Weights and Measures at Washington » D. C, 
or by some other testing biirean of recognized standing — such, 
for instance, as that of the Washington University at St. Louis, 
Mo. The charge for such testing i;s usually merely nominal. 

As the coetlicient of expansion is not the same for all tapes, 
U might be advisable for extremely accurate work to have the 
coefficient determined for the tape to be used; but in moat 
cases of long-span bridges this would be an unnecessary re- 
finement. 

A fifty foot tape is long enough, and is in many respects 
preferable to those of greater length. The author has no use for 
extremely long tape?^ to measure distances directly between pier 
centres either during sinking or after the piers are iiuii^hed, be- 
cause this method of measurement is by no means as accurate 
as that of intersecting three lines on each pier and using two 
independently measured base-lines. The only dii-ect measure* 
ment that is of any real value, and which can be obtained 
before the falsework is up, is one made on the ice. In such a 
mcuJiurenieuL care must bu tukeu not to lei the tape touch the 
ice, but to rest it on plugs driven on perfect line into holes 
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iherdn and cat off to exact level. There Is no more difficult 
measurement to make correctly than one with a long steel tape 
between two distant points without intermediate supports; be- 
cause, in the first place, the double measurement on shore and 

in correct position h a .slow and tedious one to uiake, invuiv- 
iug as it (l()e8 the use of the level to obtniu the sng, wliich 
must be exactly alike iu both cases; and, iu the second place» 
the conditions of wind and temperature are likely to vary to 
such an extent as to cause errors that are very difficult to 
correct. 

All hase-line measurements should be made in cloudy 

"wcalLui, ui just after sunset, or even at night; uud the lem- 
pcraLure should be noted for each fifty feel measured, as all 
lengths must be redueed to those for an u>>uined standard 
shop tempenilurc of seveuty degrees Fahrenheit. Even slight 
yariations of temperature will cause errors of importance in 
the length of an ordinary hase-line, the change in length per 
degree of temperature and per unit of length being about 
0.0000066. For a base-line of one thousand feet and a varia- 
tion of one degree the cliaiige in h;nglh wonld be eight one- 
hundredths of an inch. This, it is true, is no great amount, 
but there is always a liability of there being a diilerence of as 
much as ten degrees between the average temperatures for 
measurements made on two different days, and as much as 
two or three degrees In a single measurement of a base-line. 

In using a steel tape it Is better to start from the one-foot 
mark rather than from the end, unless the ring be placed back 
of the zero- point. 

The author's method of measuring a bast^-liue on compara- 
tively level ground is to run iu a line of stakes of at least three 
inches by one inch section and from two feet upward in 
length, spaced at intervals of about ten feet and put in to 
exact line and level, with a large flat-headed tuck driven to 
line on each stake, and the true base-line scratched with a 
knife along the top of each tack. The line is mi asured by 
Stretching the (ape with a unifniui pull of six pounds over the 
line of stakes, keeping the oue foot mark or the zero-uuirk, as 
the case may be, over the centre that is cut on the hub at the 
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end of the bose-llDe, and scratching with a knife on the tack 

where the fifty-foot mark on the lape comes, then startiDg 
from this poiat to measure another forty-nine or fifty feet, 
and so on until the centre of tlie hub at the far end of the 
base line is reached. The next time that the Hue is measured 
the first iength should be thirty-nine or forty feet, so as to 
avoid using the same tacks; and each succeeding first length 
should be ten feet shorter. This not only iuToWes the use of 
fiesh tacks for each measurement, but also prevents any 
manipulation of the tape so as to make the partial measure- 
ments agree with those made previously. 

In case that a perfectly level line cannot be obtained, the 
line should be divitkd into level stretches, and where ejicli 
break occurs the length should be measured on the incline 
and corrected afterwards for the effect of the rise or fall so as 
to obtain the true horizontal distance. 

For further directions as to measuring base-Hnes with a 
steel tape, the reader is referred to Johnson's Surveying. 

The ends of base-lines, as well ;is all intermediuLe ^loints 
froru which triangulation ()i>eratious may be cunducted, slmuld 
be marked by solid and secure hubs. In prolecleii places 
these may consist of six inch by six-inch timber, three feet or 
more in lengthy driven in the ground and cut off -about an inch 
ab4>ve the surface, the centre being marked with a tack, 
across which are cut two intersecting lines, at right angles to 
each other. 

If the ground be subjected to hard freezing. iLe timber should 
be increased in section to eight inches by eight inches, and the 
length should be such that il w ill penetrate llie ground. If 
possible, about three feet below frost. The earth around tlie 
hub location should be excavated to the greatest depth of 
frost, then the timber should be driven in or sunk like a poet 
and well tamped, after which a stout timber box with an open 
bottom and a strong cover should be placed around the hub, 
and the earth should be packed around the outside thereof. 
Finally, the box should be filled nearly to the Lop of the bub 
with sawdust or dry sand. 

lu case that the ground be very hard, or if the bed-rock be 
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neaj' the surface, it will be beat to surroinul the hub with con- 
crete, and protect it with a substantial cover of some kind to 
prevent displacement. 

If driving or carting is to be carried on in the vicinitj of the 
hab, the latter ahould bo feaoed in by four atout poets eonk 
into Uie gnmiid on the oomera of a square of seven or eight 
feet on a side* tlie posts projecting bigh enough above the 
ground to strilce a wagon-box. 

In locutiug all tnangulation-hubs il is essential to place 
them so that the operations of construction will not obstruct 
the view of the traiisitman. 

If there is a possibility that any of the hubs will be disturbed 
by the operations of construction or in any other numuer, such 
hnbsriioiild be carefnilj "tied in*' by ref^nce poittA lo^ 
cated some distance away. This should be done as soon as 
the base-line is measured. 

There sliould be two base-lines, one on each side of the 
river and boih on the same side of the bridge, or both should 
be on the same side of the river with one above and the other 
below the bridge. Usually il will be found satisfactory to lo- 
cate all piers from one point on each basedine, and for that 
reason the ends of the base-lihe should be chosen so that, if 
possible, ail the piers can be seen therefrom. If this be im* 
practicable, or if some of the deflections would for auy rea- 
son be too small, it will be necessary to put in and use in- 
termediate hubs on the buse-lines 

Base-lines, whenever it is practicable, should be run approx- 
imately at right angles to the longitudinal axis of the bridge; 
but this is by no means essentia], and it is fcllj to try to 
make the intersection exactly at right angles, except in the 
following case, which represents an ideal system of triangu- 
hition that can rarely be utilised, on account of the existing 
conditions of shores, and obstructions* both natural and arti- 
ficial. 

The said ideal system consists in running four basi lines, 
as shown in Fig. 8, all exactly at right angles to the centre 
line of the bridge, and laying off thereon distances equal to 
those from the base-line to Dier centres^ so that all lines of 
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fllglLt will inteiaeci the centre line at angles of ezaetly forty^ 
fiye degrees. 

The advantage of this system lies in the fact that all the 
piers are located by direct sight without Ijaving to measure the 
angle, the only angles requiring nieasiirement being the four 
right angles between the base-lines and the ceutre line of 
bridge, and the four other angles required for determiniog 
and cbecking the distance between base-lines alonjg^ tbe bridge 
tangent 

Tbe lengths of base-lines for ordinary systems of iriangu- 
latiou will generally be regulated by local conditions. They 




Fi0. 8. 



should usually be about as long as the total length of bHdge, 
or, when there is fi base-line on each side uf the river, as 
long as the perpeudicuhu: distance between opposite base- 
lines ; but» if necessary, they may be made as short as seven 
tenths of same. Too short base>Hnes will give too sharp in* 
tersectionsp and therefore sometimes loo great variationa 
from correctness ; nevertheless, sharp iotersectlotts can be 
employed at times by taking extra pains with the work and 
by empl oying au extra iuter&ectiuu u check, in case that 
any discrepancy occurs. 
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After the base-lines are measured and the hubs are put in, 
the next step to take is to measure the six principal angles of 
the tmngulation. These should be measured with the great- 
est accuracy coutiuuously around the limb of the transit, 
nmking from ten to thirty readings of each angle, according 
to tbe degree of refinement fequired. The instrument should 
be gmdiukted for aiccazmte work as fine as twenty seconds, or 
preferably ten seconda A heavy transit with a good, solid 
tripod will usually give better results than those obtained by 
using a lighter instrument. The sun should never be per- 
mitted to shiue on the insfrumeut when the angles are being 
obsenredy as it is impossible to make accurate measurements 
under such Moodition. 

In keeping notes of triangulation-woik a reoord should be 
made of the date, the temperaturet the condition of the weather, 
the direction and approximate ^locity of the wind, and the 
names of the transitman and picketmau. 

If long sights are to be taken, the picketman should be pro- 
vided with a pair of lieid-glasses to enable liini to see the 
transitman s signals ; otherwise much time and labor may be 
spent to no pmpose. Long sights should never be taken 
towards the san when it can be avoided. 

The error of all three angles in each of the two main tri- 
angles should not exceed two seconds in important work. Of 
course It is not necessary to go to any such refinement in 
short-span bridges ; but in very long ones the error might well 
be reduced as low as one second. If the error in a triangle be 
found too large, it may be possible to avoid measuring all three 
angles again by looking over the notes and ascertaining from 
the weather conditions which angle is most likely to be at 
fault, then measuring this angle anew. If the second average 
angle reduoss the total error in the triangle to within a proper 
limit, all right ; but if not, the other two angles will also have 
to be measured a second time. 

On the same principle, if, in a group of measurements of 
jone angle, one or two readings be found to differ greatly 
from thex)thers, they may be thrown out when obtaining the 
average. 
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It mnetiiiNB happens thftt lioth InlimeetloiM of the bridge 

tangent with the base-liues canuot be seen Irooi oue eodof oue 
of the latter. In this case it will be neeeasnry to put in a hub 
on the bridge tangent far enough ahead of the hidden poiut to 
clear the obstruction, triangulate to it, and measure the exact 
distance from it to the hub on the bese-line, Tbfe expedteot 
was necessaiy in the UriaDguiatlon lor ibe aiillor*s Jeffisnon 
City highway bridge. 

A check on the accuracy of the irkmgulatioii work is ob- 
tained by comparlug the two computed lengths of the bridge 
tangent between the intersections thereof with the base liiies, 
or iK'tween one such iotersection aud a fixed point on ihe 
tangent on the other side of the river. The difi&greemeut in 
theae two measaiements should be within the limit of oae haif 
of aa inch to the one thousand feet» Toshow howaeeuvalely 
such work can be don^ the author would state that for the 
Jefferson City bridge he gate his resident engineer instrno- 
tions to allow no variation from correctness exceeding three 
eighths of ail inch iii either themaiu tiiungulation itself or in 
the intersections for pier centres. His instructions were fol- 
lowed so faithfully that no error exceeding three sixteenths of 
an inch was allowed to pass in any pat t of the work. The 
whole fiekl*force once lost an entire half ^iay in rectifying an 
error of one half of an inch in the Inteneetions for a pier 
centre. This is an excellent record for aeouracy, considering 
that the distance between base-lines on the bridge tangent was 
a little over hfleen hundred feet. The author is generally not 
&o rigid in Ids requirements for exactness as lie was in this 
case, the reason for such strict instructions being the fact that 
this was the resident engineer's first expedeaoe iu important 
triangulatioo. 

The triangulatioo for the author's Sioox Oity bridge, made 
by LeeTreadwell, lllem. Anu Sou. 0. E., with a biidge tangent 
about twenty-two hundred feet long between base-lines, was 

probably just us accurate as that for the Jelferson City bridge, 
because the errors in (iistances between j>ier-centres measured 
on top of the falsework w re actually inappreciable. 
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After the main Iriftngulaiion for ft bridge is fiiiisliLcl, the 
next step is to compute the angles to the various points on the 
piers that will be ueeiieil during the sinking. Fur a single 
cylinder pier it will suffice to triangulnte to the centre only, 
and for a pier oompoeed of two cjlhiders a triangolatioii to 
tbe centre of eaeli cylinder will be enongh ; but for a rectan- 
gular pier It will be ueoeaeary to locate not only the centre, 
but akio another point near the periphery, in order to prevent 
the pier from being rotated nhunt its vertical axis hi going 
down. After the calculaliuns are completed a triangiilation- 
sheet should be prepared, on which should be shown all of 
the triangulation with the various distances on all lines and 
the exact angles tot all deflections. 

Foresights should next be located for the bridge tangent 
and fen all i^er points^ so that the traositman shall never be 
uwder the nece^ity of turning off an angle when locating a 
pier. The positiou for any foresight is generally determined 
by convenience, but it should be chosen so as to avoid any 
probability of tlisLurbance. Each foresight, wliich consists of 
a substantial woodeu target, 'is located by turning off the 
proper angle from the base-line, and is then fixed immovably 
in positiDn, after which a series of from ten to thirty readings 
of the angle is inade^ the oomspondiog centre lines being 
marked on the target. The average of all of these centre 
lines is then determined, and is assumed to be the true centre, 
which is marked conspicuously on the tarcret. Eacli tariret is 
to be marke<l also with its charsicterislic Icttet or liniiilK i, so 
that its iudividualiiy may be recognized by the trausitman 
from the most distant point of ol»ervation. The angles for 
determining the omect centre of any target should be laid off 
ocmtlnttowly on the limb of the tmnsit. All foresights should 
be ItM^^ected occasionally so as to see that they have not been 
disturbed, although any disturbance will be discovered, the 
tirsi lime that the foi-esight is used, by the three Hues failing 
to intersect in a point. 

Wbeu piers are to be built in open coller-dams, the work of 
looating theiu is comparatively simple, for when Uiey are 
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once loeftted lit lie or no moTeraeot takes plaee ftfterwaida. 

Bui when piers are to be sunk by llic pneumalic process or by- 
open dredging, great care must be taken at every step, because 
the pier is always eitliei nioving or liable to move at any mo- 
ment, lu siukiog piers by either of the two last-meutioued 
processes, the resident engineer should keep suc^ not^ that 
from them he can report daily as to the eanct korleontal posi- 
tion of the cutUng edge of the caisspn, the position of the top 
of the piep, the elevation of the cutting edge» the tncUiiatioQ 
of the axis of the pier to the vertical, and the amount, if auy, 
that the pier has been revolved aioiind its vertical axis. The 
Contractor can conduct his operations with ranch more cer- 
tainty of lauding the pier in its true position, if he be kept 
informed as to its relative position eveiy day. 

If temporary staging be used around the pier, from which to 
conduct the opeiations of coDstruction, keeping track of the 
various motions of the pier will be a comparatively easy task, 
for the approximate alignment can be obtained from tempo- 
rary points located on the staging, which poirits, however, 
need occasional checking to see that Uie staging iias not skifted. 
slightly. 

If there be no staging, all locattons will have to be made by 
trianguhuion, and, as before stated, two points oh each pier, 
will be needed in order to detect rotation. When the caisson 
has reached a considerable depth, however, the liability to 

rotate is greatly lessened. 

After all that may bu said, the work of keeping the pier in 
correct position will be dependent ou local couditionsaud many 
varying requirements. 

In respect to the levels, care should always be taken to pre> 
serve such measurements as will enable the leveller to keep a 
record of the vertical distance from the cutting edge to the 
top of the crib at each of the four comers. This will be 
necessary in order to determine how mudi the said catting 
edge is out of level. 

In giving the final elevations for the copings of the piers, 
it will sometimied be found necessary to take very long lore^. 
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ilghl8» owing to the impneticabllitj of Betting up the level 
near the pleni. In such cases * backsight should be taken to 

a beach-mark about the same distance from tbe instrument as 

the pier is ilierefroin, aud in tlie opposite direction, so us to oil- 
set a possible slight lack of adjustment in the level, aud to 
compeuBate for the curvature oL the earth* 
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OFFlCE-FRACnOE. 

As there has been almost nothing yet written concerning the 
way in which work is hnudled in a Cousultiiig Engineer's of- 
fice, the author has concluded to close this little treatise with, 
a chapter on Ofiice Practice " ; and as do two engineers pur- 
sue exactly the same methods, and as the author is naturalljr 
more familiar with his own than with those of others, be will 
deal herein solely with the established practice of his own of- 
floe, which practice is the outcome of oyer ten years of special 
ellort to secure Ihe besi possibie results bulk expeditiously and 
economically. 

XATUVG OUT WORK. 

This chapter being confined entirely to offlce-work. It will 
be assumed at the outset that all such field data as pioliles^ 
maps, plats of borings, etc., have been secured. 

In bridge*work it is necessary to determine the following : 

FirH, Th0 Purpose far uikkh theStrueHtre U toheHHd.—Th\% 
being settled, there ensues the fixing of the live load, the 
clearance between trusses, and the clear height above base of 
rail or surface of roadway. 

Second, TJie Clear Height between Standard High Water and 
the Lowest Part of Structure, —If the stream be a navigable one, 
the minimum clearance will be regulated by the requirements 
of the War Department. In other cases the clear height will 
depend on the required elevation of grade of lallroad or road- 
way, provided that the lowest part of the superstructure will 
never olfer any obstruction to tloatiiig drift or ice during the 
highest floods. The minimum clearance should preferably 
be ten feet, and never less tliau five. 

m 
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Where a lum bridge k teqeAftd ofer a mrrlffaMe Btresm^ 

some one of the various kinds of muv:ible bridges described 
in Cliapters IX aud X must be used ; but for all ordinary 
cases the rot^ltiug draw is the most suitable type. 

Third. Be9i 8pan Liik^ihA to adopt —In laaoy oases there will 
be DO choice as to span lengths^ which are liable to be deter- 
mined bj such conditions as the lequirements of the War De- 
partment, obstruction of etream by piec% danger from wash- 
out during erection, etc. ; but, where the designer has any 
choice in the nuutei, be should be governed by the principles 
of economy laid down in Cbapter IH, taking care, however, 
that he does not violate any of the principles of aesthetics given 
iu Chapter IV, unless he be forced to do so by circumstances 
tbat are absointeljr beyond his control. As stated iu Chapter 
III, the greatest possible economy will exist when the cost of 
each pier is eqoal to one half of the cost of the trusses and 
lateral sy etems of the two spans which ft helps to support. 
The determination of these economic conditions is, of course, 
a matter of cut and try; but after a few trials the economic 
span length can be approximated very closely. In making 
such calculations the trial weights of trusses and laterals can 
be found with sufficient accuracy by taking a span of known 
weight and computing therefrom the weights for the spans of 
the trial lengths by the following methods : 

A. The weight per foot of the lateral system is directly pro- 
portional to the span length, provided that the superstructuru 
is not ciianged in width, which is generally the case. Should 
the width be cliauged, the new weight will have to be modi- 
fied accordingly, under the assumption tliat the weight varies 
about half as rapidly as does the width. 

B. To find the truss weight W per lineal foot of span of 
length r from the corresponding known weight W of span 
the following approximate but qi^ accurate empirical for- 
mula may be used ; 



This will give approximately the weight per foot of trusses 




i 
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for ftny sp;in length, provicled tUe li?e load per lineal foot re- 
uuua uachanged. 

O. To find for any span length thetruss weight T per lineal 
foot for a total load p' per Itneal foot from the corresponding 

known \vt'ii,^ht 7' for a load p, llie foUowiiig approximate em- 
pirical formula may be used ; 



This is quite accurate for all ordinary spans, but for very 
long ones it gives too great a yariation between J" and T. 

After finding the value of T the value uaed for should 
be checked: and if there be any serious disagreement between 
the value assumed and that found, the substitution in the 
formula should be made anew, and so on until a satisfactory 
agreement between the said values of p' be obtained. 

Fourth. Oeneral Layout of Rtrmture. — The general layout 
should consist of a profile, a plan, and enough oross-sectiona 
to illustrate properly the entire substructure^ superstructure, 
and approaches^ all being made to exact scale. For long 
crossings, a scale of one fortieth of an inch to the foot Is the 
most satisfactoiy, but for short crossings the scale should be 

made hirirer. 

The proportioning of the skeletons of the trasses should be 
done in accordance with the suggestions given in several of 
the preceding chapters, and the dimensions of the piers should 
be determined by the principles established in Chapter XXIL 

Each general hiyout should give the following information : 

Elevations of bed-rock, low water, standard high water, 
extreme high water, lowest part of structure, grade-lines and 
tops of piers, lengths of all spaus between centres of end-pins 
or centres of bearings, distances between centres of piers, aU 
leading dimensions of piers, heights of trusses* and lengths 
and kinds of approaches. 

As soon as the general layout is completed and finally 
adopted, the computations of stresses and sizes of members of 
spans may be begun. 
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For deTated nUrcMds it is neeeMiy to dteiermSflie tk» 
following : 

Fint The number of tracks ou tlie various portious of tlie 
line, and the clearances over streets and alkys. 

Second. The live Iged per traoli to be canried by the strac- 
ture. 

I%inL The kMsttloa of tlie ttne» wfafitber in the itMto 0^ 
j^vate propenty. . 
Fbwrth, The style or styles of girder eooittiiedoii. In 

some locations the City Ordinances may require open -webbed 
giniers, as tlie^e shut out less light than do iiolid-plate girders, 
>vhiie in other locations the plate girders would be per- 
missible. 

^4^. The location of colamns, whether in the street or Oft 
the curbSi also^ for loofttiou on private p roperty, the nmnber 
of columns per bent. 

iSKMw The economic span length. As Indicated fa Chapter 
in, the greatest economy will exist when the cost of the 
longitudinal girders is equal to the cost of tlie cross-girders, 
columns, and ped^tals. Where the colunms are Uicated in 
the street or on the curbs, due consideration must be given to 
the probable cost of removing undergiound obstmctionsy such 
as water-pipes, ga8»mahui» etc 

With these points all settled* the calcalationa for piopor- 
tiottlng nil parts of the stnictiire may be proceisded with. 

Where the structure is on a ctirve, it is best to make the 
bents radial wheuever practicable. The exact location of 
each column should be figured from certain known lines, and 
all ordinates for same should be indicated on the layout. 
Mttch careful study should be given to the work of establish- 
ing each feature of the layout ; for, if mistakes be made 
thereb, they are liable to canse great delay and expense 
later on. 

Roof 'trusses and steel buildings will not be treated in 

this book, aa it deals mainly with bridges, viaducts, and 
elevated railroads. The oflElce work connected with the de- 
signing of roofs and steel buildings will, however, not differ 



Digiiizixi by Coogle 



332 



M POl^TIBUS. 



eMDtisllgr from tbat ptrtaioing to the dflstg&ing of Uie olher 
stiuctures. 

CALOnULTION0. 

After the leading features of any proposed structure have 
been deteriniued, and after the general layout thereof is com- 
pleted, the aext step to take is the making of the calculations 
iieceseary to determiDe the etieMs ia all the parts and the 
proper sJm for nme. 

fV>r eoBveoieiioe in makiiig to correct scale peo-sketcheB 
of tlie Taiiofiis portions of the design, the author nses a craa- 
seciiou paper divided into one-qiiarter-iiich squares, the sheets 
beifig teu and a half inches wide by sixteen inches long, which 
size experience has shown to be the most satisfactory. At 
the head of e&Ch page are written the date> title of structure, 
and name of computer. 

At the beghmittg of each set ol calculations the following 
general data for spans are given : 

F9nt. Length of span. 

Second. Number of panels. 

Third. The various truss depths. 

Fourth, Pei'peadicuhir distaoce between central planes of 

trusses. 

Fifi?f Live load or loads to.be need. 

Siseth, Wind loads for both upper and lower lateral (^y^ma. 

Bmnth. Spacing of stringers. 

The dead load from the track and ties in lailroad bridges or 

from the timber floor or pavement in highway bridges is fii-st 
determined, using the unit weights of niateiiHls given in 
Chapter XIV ; then the stringers or longitudinal L^irders are 
figured and proportioned, after wkich their weights and that 
of thdr bracing are oomputed. 

Next the floor-beams or cross-girders are proportioned, and 
their weights are flgured. FrcfA all these weights the weight 
per Ihieal foot of the metal in the floor system is next found. 

As fhe lateral system can nearly always be designed before 
the trusses, it is geiiernlly best to compute the weight per 
Uueal foot of the entire lateral system before the trusses are 
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touched, because the dead load fur the latter will bt> aHecled 
by thd weight of ihc former. 

Next it is oecessary to tissume the weight of metal per lineal 
foot for the trusses, using, if necessary, the formultt given 
previously in this chapter. This completes the data for the 
imllmkiaij dead load» whiek wtti eomlst of the foUowing 
ileiiia : 

FinL Flooring (timber, tiack, pavemeiit, etc. ). 

Second. Floor system (stringers, stringer-bracing, and iloor- 
beams). 

Third, Lateral system (upper and lower lateral systems^ 
vertical sway-braciag, and portal-boMlng). 
M§mrih. Tmases. 

In making op tbe dead load, tbe end floor^ieama and pedea- 
tela mnsl not be included, aa tfaefarwielgltt prodooes no bending 
moniMil on the 8pan« 

The dead* load stresses in trusses are always found analyti- 
cally for s|mus with paniilel chords and equal panel kugths; 
but for all other cmjsCs tliL^y :ire detenniiietl triaphicaliy, and 
are obecked by a single numeiical calculation at tbe member 
where tbe gmph'ci stop« 

Whenever it is practioabla, in making artthmotieal con^ 
palatioaab alida-nile is emptojed. iW ordinary worir. in 
wliicb the total stremes can be written with six igurea, a 
twelve-inch slide-rule will give the stresses accurately in 
tliouciuiids of pouinlrf ; but where the stresses are greater, 
Thucher's cylindrical slide-rule is employed. 

The live-load atresaes are found by the method explained in 
Chapter XIX. 

TliA compataticn of ail atceaiea found analyiicaUy is facili- 
tated by determining tbe trigonometrical functions inFolred 
in tlw caftoalationSk and mnltiplyiug the panel loads by them. 

By setting these prodoete on tbe sUde^rule and xaAn^ the 

piopei tiibulaled coefficients, it is often practicable to read ojff 
a large series of stresses witiiout resetting the slide. 

The dead-load stresses and the live-load stresses are written 
on separata diagrams on tbe caloahitiou-sheets. 

Hia impact stiasaea are found from tko liTe«load streasea by 
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«lide*rale from the fonnuhe given in either Chapter XIY or 

Chapter XVI, as the case may be, or from the corresponding 
tables at the end of ^the book, and are written on a separate 
diagram. 

Next are computed all the wind-stresses which could possi- 
bly iiffiMft the sizes of the aeciioiis of maiii-tnias ineiiiben» and 
these are lecorded either on a separate diagram or on ooe of 
those already prepared, in the latter case care .helag taken to 
indicate that each such stress is marked as a wind-load atrees. 

Next the vuiious combiDations of all stresses are made aud 
recorded on anew diagram, after which the required sections 
of all main members are figured according to the specifica- 
tions, and are recorded on the same diagram; then the actual 
sections are proportiooed and recoided there also. 

The exact lengths of all membersy including camber allows 
ances, are next figured and recorded on the last^mentioned 
•diagram. 

Next the weight of metal iu the trusses is estimated. For 
preliminary estimates, the weights of details are percentaged 
from recorded results of previous similar estiinates ; but if 
the structure be of an unusual type or size, the details are 
sketched and their weights are computed. 

Next the total weight of metal in the structure is figured, 
and the dead load is checked. If it does not agree with tlist 
assumed within the limit of error set in the spedflcatlons, a 
new dei\d load is assumed, and the entire computations of 
totiil stresses, sections, and truss weights are made anew. It 
is very seldom, however, that it is necessary to make these 
calculations more than once, owing to the great mass of 
accumulated data concerning weights of metal in all kinds of 
bridges. 

In making any ^et of calculations the computer should 
check back on bis work at short intervals, so as to see tlmt no 

error has been made, because the effects of such errors often 
extend over all succeeding computations. 

In determining st resses gra jihically, the frame-diagram should 
be laid out on as large a scale as is convenient, and the load* 
diagram sboold be made as small as practicable ; for the large 
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frame gives great accuracy io iDclioations of members, which 
is the all -important [)oint in graphical coiuputations, and the 
small load-diagram conliiios the graphics to a reasonable space. 
If the iuclinatiotis are correct* accurate results will be obtained 
with a Terjr small load-diagram. Tlie author's limits of error 
lor graphical work are cue quarter of one per cent at mld- 
qwu and one per cent at the far end of spaa. Should the 
error exceed these limits* the graphical work has to be done 
anew. Smooth paper, sharp pencils, true triangles, and per- 
fect straight- edges are necessary to secure good results, to 
which list should be udded painstaking accuracy in every 
mauipulatioQ of the appliances. 

All caleulations on the ataudafd sheets are made in blaok 
copying-ink ; and when they are checked by another computer* 
as is the inyarlahle custom in the author's ofllce» all check- 
marks and corrections are made in red ink, and each page 
checked is so marked and initialed by the checking computer, 
who not only verifies all the numerical calculations, but also 
follows carefully each step in the desiu;ii so aa to guard at^nunst 
all possible errors. The work of checking is greatly facilitated, 
if all the steps takeu are indicated plainly, so that they can be 
easily followed hy the checker. £ach result checked is ticked 
oflirithredlBk. 

* 

icAsnr a DBiLwiNoe* 

Owing to the necessity for having several copies made of 
each drawing, the latter is first laid out in pencil on brown 
paper, and is copied in ink on tracing-cloth. In some simple 
designs, however, the pencilling is done directly on the trac* 
ing«cloth ; but this is the exception rather than the rule. For 
couTenience In handling and filing, it is very desirable to hare 
all drawings made of a uniform sise. After seTeral years of 
experience, a size of twenty-nine inches in width and thirty- 
eight inches in leni]^lh has been adopted as best suited for 
bridge plans. This size may be used lor all detail drawings 
and stress-diagrams, but it is often necessary to increase the 
length for profiles and general drawings. The drawing is 
atwfljs made on the rough side of the tniclng*cloth, as it is 
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often coQTenieut to (]o a cousiderable amount of drawing and 
writing in pencil on the sheet. Another reason for using ihe 
rou^h side is tliut any erasure shows less thereon Umn it would 
on the smooth side^ aad it is often necessary to do considerable 
erasing on tracings. 

As befoFi slated, the ftnt drawings to be made an tbe gen- 
eral profile aad plan wiih croes-sedtoas, to etteblish all tbte 
main dimensions of Ihe stractore. These drawings can be 
prepared before the computations are iSnished. Next come 
the stress (lingrams, which should contain the camliered lengihs 
of all rnend>ers, the dead load, live Inmi, impact and wind-loaci 
stresses, and the greatest comhinutious of same, the sections 
requii^ed and those used lor each main member, and tbe fol- 
lowing geneml data: 

Mr$L Length of span from centre to centre of end^pina, 

8$eanA Number of panels. 

TMrd. Perpendicnlar distance between oontral p lao ea of 

trusses. 
Fourth. Depths of tnisses. 

Ftfih. Dea(i load for floor system per lineal foot of span, 
JSixili, Dead load for trusses per liueal foot of span, 
Sevenih. Life load for stringers per lineal foot of span. 
Bighlh, Live load for floor-beams per lineal loot ^ span. 
JfifUA. Live load for trusses per lineal foot of span. 
Tenth, Wind load on upper lateral system per lineal foot of 
span. 

ElevenUi, Wind load on lower lateral system per lineal foot 
of span. 

Ttoel/Vi. Clearance required above base of rail or floor* 

TMrieenih, Kinds of materials to be employed fan all parts 
of structure. 

jRHirlesfilA. Diameters of rivets to be used. 

The stress-dfagmm proper may be simply a line-drawfog, 
each main member being represented by a single right line, or 
all the main meinbers may be drawn to scale by means of their 
periphery-lines. The latter met) od is generally adopted be- 
cause of the improved appearance of the sheet which it affords. 
The scale for any stress-dUgram should be large enoi^ to 
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give plenty of loom between panel pointg to contain eU the 
neoeasaiy writiug. 
After the stress-diagrams are completed, the detail drawings 

are begun. There is considenible diilereuce in llie uiuthods 
employed by consulting engineers to convey to manufactureib 
an undersUmdiug of the design which they desire to have 
executed in the shops. Some insist that the only proper 
method for the eni^ineer to porsuOt if he desires his detaile to 
be followed, is to make complete working or shop drnwlngn, 
ready to be tamed over to the template makers, while others 
prefer to make what are termed general detail drawings, which 
show to exact scale all the details, and give all important 
dimensions and the number of rivets in eacli connection, but 
which do not locate each rivet by figures, leaving the working 
drawings to be made by the mauufacturer. When the latter 
method is adopted the working drawings must be sent in du- 
plicate to the engineer for his approval before aoy of the work 
is sent into the i^ops, the said drawings being checked by the 
engineer's assistants, not only to see that they agree hi every 
important particular with the original drawings, but also to 
make sure that they conlaiii no errors of any kiiid. 

The latter method is the one which the author invariably 
employs, and for adopting it he gives the following reasous: 

First Each bridge-shop has certain methods of doing work, 
which demand that the working drawings be made in accord- 
ance therewith ; otherwise the cost of the manufacture is 
materially increased. These methods cannot be considered 
by the engineer, who has neither the time nor the inclination 
to go to the iroiible of acquajuting himself with the variou:^ 
methods of all the leading bridge-shops of the country. 

Second. The nature of the work of a consulting engineer is 
not such as to justify him in keeping together enough trained 
draftsmen to execute with sufficient rapfdity the large amount 
of drawing necessary, if the first-named method be followed. 

77iird, The capacity for accomplishing work in a consultiqg* 
engineer's office when the second method is employed is prob- 
ably three times u:j ^ital ui» il wuuid bu wure Lhu hr&t mclhod 
adopted, 
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Fourth. With the careful and thorough system of checking 
Bhap>dxBwiDg8 in vogue in the author's offioe» all the adyan* 
tages to be gained bj making complete working drawings are 
obtained by the much simpler method of making complete 

detail drawings. 

Fifth. The manufacturer always appears to be better pleased 
and patisfied if the making of the shop drawings be left 
to him; and the work of manufacturing the metal proceeds 
more smoothly in consequence. 

In starting a detail drawings the first thing to be done is to 
lay out- a sheet of standard size. If the subject be a framed 
structure, such as a bridge or roof truss, It will greatly econo- 
mize space on the drawing if the skeletuii frame be laid out oa 
a suiuU scale, si\y ihree-eighlhs or one-half inch to the foot, 
thus giving the proper incliuatious of all memt)ers, and if the 
details at all the panel points and conoections be made to a 
larger scale, say three quarters of an inch or an inch to the 
foot. The centre-of-gravity lines of all main members should 
coincide with the lines of the skeleton diagram. For the 
details of ordinary bridges the scales just mentioned will be 
found the most satisfactory. 

It is n very common error among bridge-draflsmen, when 
two di£[ereut scales are used, lo make the principal lines of 
the main members continuous between panel points, thus 
exaggerating the apparent size of the said members. This ia 
entirely wrong, and is often the source of serious errors in the 
shops. In such drawings, the main members should be broken 
oil before iheir principal lines meet midway between the panel 
points; and it is often advisable to show a section of the 
member between the broken ends. 

After deciding upon the scales, the next step is to determine 
what portions of the structure are to be shown on each sheet, 
if more than one is lo be made, and what is the best poosible 
arraogement for all details on each sheet so as to fill it uni- 
formly and allow ample space for illustrating each detail in 
the requisite number of views. For short spans, up to say Invo 
hundred feet, by carefully arranging the details, everything 
can be shown clearly ou a standard sheet of twenty-nine inches 
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hy thirty-eight inches. The sizes of all coimecting-plates, 
Btay-plates, lacing-bars, connecliug-angles, pins, tillers, rivets, 
etc., should be givcD, also those of all main members ; and 
the exact spacing from back to back of all angles, channels, 
aod webs, formiog the vmrious member^ should be dearly 
Indicated. The packing at all panel points should be shown, 
and the exact spadngs therefor should be given by figures. 
There should be indicated also all leading dimensions, such 

as the exact cambered lengths from centre lo centre of pin- 
hole for all truss members; the vertical distance from centre 
of bottom-chord pins to base of rail; the vertical distance from 
centre of bottom-chord pins to bottom of floor-beams; the 
yertical distance from base of rail to top of masoniy; the 
clearance required above base of rail; the spadng of anchor* 
bolts; the lengths of all built members beyond centres of pfai* 
holes; the spacing of rivets In flanges of stringers, floor-beams, 
and chord members in a gcrieial way, such as *' IG spaces of 
3" each," or spacing as near]y as may be"; the distance 
from back to back of opposite flange angles in all girders and 
struts; the widths of webs of all plate girders; the spaciog of 
stiffening ^ngles ; etc., etc. All joints which are to be planed 
or faced should be so indicated. 

Each fllieet should have a general and descriptive title 
written In a neat but plain style of lettering. The title and 
the number of the drawing should be placed iu the lower right- 
hand corner. 

A single line drawn one-half inch from each edge of the 
sheet should define its margin, and if a rather fine line be 
drawn for each boundary of the tracing, and the sheet be 
trimmed just up to these boundary-lines, the blue^printer will 
have a well-defined border to which to trim his prints. 

All lettering should be plain, but executed In a neat and 
workmanlike manner. Nothing adds more to tlie appearance 
of a drawing than neat lettering. Special cure should be 
taken to locate all dimension-lines so there can be no doubt 
as to the distances they are intended to fix. All notes should 
be written in positions where they will be easily noticed, and 
so that thsy will not interfere with the lines of the drawing. 
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A ^ of e^amX notm tliould be gi?en on 9$A Aaet «f 

details, specifying the kinds of jmaterial, the sizes of rivals, 
the diaiiiiiltirs ut rivut-hulcs before and after reaming, lUe 
mauuer iu which all plates are to be fluisbed, etc. 

After each sheet is i)eQcilled, it sliould be checked carefully 
to see that there are no errors thereou; Uieu, afier the taaniBg 
is fiiuslk€M3, il must be checked in deUil— if possibly 1^ aom 
oae who wm not ooncerned in its preparation. 

The follQwiog standard ijislructioiia of tbe «Qtboi^a to bis 
offlconasslstauta ooncemhig this cheoking of drawings will iti- 
dicate what such checking should accomplii»h and the ea^eulial 
tUorouj^usss thereof ; 



GENBRAIi DBTAIL DRAVINOS. 

First, Go over all drawings for the emtire design and see 
that every detail of tbe structure is shown in a snllcient num* 
ber of views to make clear to tbe manufacturers exactly what 

is intended by the designer. 

Second. See that every detail lias beea dimensioned so that 
it ean be readily laid out on tlie working diawiugs. See also 
that all sections of connection angles, tillers, etc., are giveu. 

Third. See that proper descriptive notes are given wher- 
ever necessary to make clear the reasons for any special da- 
tails. 

Fourth. Examine each detail and see that every portion of 

it is strong enough to cany properly the greatest stress that can 
ever come upon it. ^lake sure liiat enough rivet« have l>eeu 
used, and that they are indicated to be countersunk or ih^t- 
tened wherever necessary to provide proper clearance. 

Fifth. In checking up the packing at the panel points, sfM 
that all members which are to be brought on to tbe pin are 
shown, and that a sufficient clearance has been figuxed fox 
each. Make sure that all forked ends have the requlsfle 
strength, and that diaphragms between same have been used 
wherever necessary. Check up the bearing ui each member on 
the pin, and make sure that plenty of rivets have been used 

to convey the stieas from tU« ti^ten^un^plates to the main 
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member. Remember that the stress to be provided for at the 
bottom of a vertical post is uot the stress on the post itself, but 
the algebraic sum of the vertical components of the stresses in 
all diagouals attaching to the pin at the foot of post» or, ap- 
tiroxiinately and on the side of safety, the stress on the poet 
I>lin one half of a panel-floor load. See that no bar dirergea 
from the central plane of truss more than one eighth (J) of an 
inch lo the foot. 

See that tillers are shown and their sizes given wherever 
they are necessary to hold the members to exact position on 
the pins. 

Check all pins for the greatest bending moments coming on 
them, determining the same by combining the bending mo- 
ments in two directions at right angles to each other, 

Sixth. Bee that the centre-of-gravity lines of all members ' 
are shown; and where any such line is not in the central plane 
of member, see that it is located from the side of the section. 

Seventh. Wherever a tlnuv in g is either wholly or pai lially 
shown ill section, see thai ihv exact point at which the section 
is taken is indicated in writing, and that the section line is 
properly shown on the other views to which the note refers. 

£ighth. Compare all sections of members and all leading 
dimensions with those on the stress-diagram, and see that they 
correspond thereto. 

Ninth. See that all stay-plates and lacing-bars are shown, 
and that the sizes for same are given; also that these sizes com- 
ply with the requirements of the specifications. The inclina- 
tions of all lacing-bars should be given. 

Tenth. See that all extension plates of forked ends are car- 
ried at least six inches inside the end stay-plates, and that 
they are strong enongh to develop the full strength of the 
main member, even though the computed stress be small. 

Uleventh. See that all reinforcing- plates at ends of mem- 
bers are so distributed as to huhince as nearly as pmcticable 
the bearing on the two sides of the main section. 

Twelfth. Compare drawings which show the same details, 
ao as to make sure that all are alike. 

Thhrteenth, See that the same style of detailing has been 
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followed oa all drawings. Where seyeral draftsmen are 
employed on the same piece of work there is liable to be quite 
a diversity of details, illustrating the individualities of the 
various draftsmen mnking them. 

Foui locuth. Wiicu ;i chaugtj is made in any part of a draw- 
ing, see that said change is carried through ail the sheets 
which are aHected thereby. 

Fifteeutb. See that when any drawing or portion thereof 
is abandoned it is so indicated clearly throughout all the 
drawings. 

Sixteenth. Check all forked ends for transverse bending, 
and see that they have been reinforced wherever necessary. 

SeveiitecQth. Wherever timber-bolts are to be used, see that 
they are plaiuly indicated, that their sizes and U ngtlis are 
given, and that washers are provided beneath ail heads where 
the bearing is on the wood. 

Eighteenth. See that all screw-ends of rods are upeet, unleaa 
they are to have cold-pressed threads. See that i^l diagonal 
rods are provided with proper adjustments, and that all 
clevis-pins and plates are of proper strength. See that no 
pins of les^s than two and a IrnU inches diameter arc used, and 
that they are set at least one and one-half diameters from edge 
of plate. 

liineteenth. See that each sheet is provided with general 
notes, as follows : 

Kinds of material to be used throughout the structure. 

B. Diameters for rivets. 

C. Sizes of rivet-holes before and after reaming. 

D. Manner in which the edges of all web-plates are to be 

liiiislK'd. 

E. What ends are to be faced and what are not. 
Twentieth. See that all notes are written in good English, 

that all words are spelled correctly, and that they express 
«xaetly what is intended. 

T wenty-fii'st. See that each drawing is provided with proper 
titles, that it is numbered correctly, that the scale or scales 
are indicated, and that the name of the draftsman and date 
of com^iletion of drawing are given. • 
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Twenty-second* See tluit the drawings scale, and» if they 
do not, make a note saying that the dimensions written on the 

drawings are to be followed in preference to the scale where 
there is any discrepancy between tbe two. 

Twenty-third. In short, check over all details, dimensions, 
sections, and notes given on the drawings, so as to make sure 
that everything is in strict accordance with the specifications 
and with the data furnished for the structure. 

SHOP BRAWINGS. 

First Make sure that the sections and details conform in 
eTeiy particular with those given on the general detail drawings 
and stress^diagnuns, excepting in minor points, where slight . 
changes: may be made to facilitate the work in the shops^ .pip? 
Tided, of course, that such alterations do not In any way impair 
liie sUeiigLb, dunibility, or appearauce. 

Second. Check over all field connections to see that there 
are no rivets which are so located that they cannot be satiBfac- 
torily driven in the field. 

Third. See that all members have proper clearances at panel 
points^ and that all rivet^heads, whereyer necessary to provide 
such clearances* are countersunk or flattened. 

Fourth. Check over all lengths of members and rivetr 
apucing for field connections to make sure that the holes will 
match in the field. 

Fifth. Check over all bills of material to see that the 
proper number of pieces have been ordered, and that they 
are of proper sections and lengths 

Bizth. Always have the shop-drawings sent, to the office in 
duplicate^ and check up the two sets, retaining one set in the 
ofiice and returning the other set with corrections or approval 
marked thereon. Where drawings are returned to shops with 
correctioLis luaiked on ihem, revised priiils iiiuaL be bent for 
approval before the work is put into the shops. 

It is often necessary to make changes on a tracing, and in 
doing so great care should be exercised, otherwise a drawing 
which has cost considerable time and money may be ruined. 
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For making slight erasures, a very sharp knife skilfully used 
will be fouud effective, as it can be so mauipuiated !i3 to 
affect nothing but the parts to be erased. Another expedient, 
where only a slight erasure is to be made, is to use a thin 
Sheet of celluloid or darable cardboard, in which are cut 
aidall holes corresponding to the work to be changed. This 
sheet is laid on the drawing so that a hole comes oTer the part 
to be erased, then a sand^eraser is rubbed over the boi^, and 
uothiug is damaged except the portion which ia changed. 

FIHiHU DliA WINGS, CALCULAiiUNS, SFECIFICATI0K8, ETC. 

In the course of a few years' practice the office records of ft 
consulting engineer grow to such proportions that» unless 
some systematic method of filing and indexing them be 

udoiUed, it is impossible to refer ihercto without a gieat deal 
of delay and annoy uuce. The filing of calculations and speci- 
fications is a comparatively easy matter, but to keep an 
accumulating lot of drawings in good shape for ready refer* 
ence is by no means such. During the time that the author 
has been engaged In active pitustlce seteral methods have been 
employed for filing tracings. One great dIfiSeuhy witli tiM 
earlier drawings was that they were of varying dimension^ 
some as large as forty- two inches by ninety-six inches, and 
others belonging to the same set as small as eighteen inches 
sqnaie. At first large cases of drawers were used for laying 
out the tracings fiat, each tracing being stamped with num- 
bers designating the lot and drawer to which it belonged, and 
an index being kept of all drawings recording the numbers of 
the lot and drawer. The objections to this method were that 
the smalier drawings got lost among the larger ones, thus 
often necessitating a complete overhauling of an entire drawer 
to lind a tracing, and it was impossible lu keep the large 
drawings from becoming folded and cracked at the edges and 
corners. 

Later it was deemed advisable to bind each set of drawings 
together with patent fasteners along one end, but this method 
was soon abandoned, owing lo the difficulty encouateied ia 
getting out tracings for blue-printing and I'eference. 



Digitized by 



Tlie method of laying the tracings flat in dmwers was aban- 
doued, and lliey are now filed in cardboard tubes, thirty 
iuchiea long and four inches in diameter, wilk tighUjr fitting 
covers of the samo matofiaL £acb tube baa on the cover ito 
index number and a type^wrktea list of tbie tiaeinga U oobp 
taina. The tracings are rolled in amall buncbas of four or 
flve^ and each bunch is bold to small diameter with a rubber 
baud, to which is attached a tag giving the nuipbcr aud title 
of each of the sheets coutHinLd iu the roih Five rolls are 
placed iu eacli tube, making a total of from twenty to tweuty- 
five traciugs per tube. The tracings should not rolkd sp 
closely that they will become creased* 

An index is kept of all tubes, giving their numbers and 4he 
titles of the drawings coutained in each ( and there is in addif 
tion an alphabetical index of the drawings. 

The tubes arc set in cases with llieir cuvers exposed, and are 
80 arranged that auy tube can be easily reached or removed 
from the case if necessary. 

Copies of all shop>drawiags are also kept on file for refer* 
ence. These are put in larger tubes, and as there ia never 
any necessity for separating a set, as Is the case with thie 
tradags, each set is bound together when complete^ The 
shop-drawings are all included io the two iodices. 

The specifications and calculatious arc kept in filing cases 
prepared especially for thera, and both are indexed. These 
cases consist of a series of snmll shelves about one and a half 
inches apart, each shelf being numbered. 

When a set of calculations is complete, the sheets are all 
bcfund together in one book with removable fastenings, so 
that they can be easily separated when it is necessary to dis- 
tribute them among several draftsmen. These sets are all 
numbered with the numbers of the shelves on which they are 
to be filed. 

In indexing all work every article should be indexed under 
as many headings as practicable. 
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All calculation-blanks should be of an extra-good quall^ of 
paper, capable of withstanding a great deal of erasing and 
scratching, which is often neceasaiy in making sketches for 
details^ The tracing-cloth should be of the best quality, as it 

is impracticable to make a good drawing on poor cloth. The 
best brand that the author has ever used is the Imperial. 

Powdered chalk or talcum should be rubbed over the sur- 
face of the tracing-cloth to make it take the ink uniformly. 
Pencil-marks and dirt can be easily remoTcd from a tracing 
by moistening a towel in benzine and washing the surface of 
the cloth with it. If a good quality of ink be used it will not 
be affected by such washing. 

There are many liquid India inks in the market, but none 
of them will give quite as good results as will the genuine 
stick ink when properly ground; nevertheless, except for very 
fine work, the former are preferable on account of the saving 
of time which they ^ect. Higgins* water-proof ink is the 
most satisfactory which has yet been tried in the author's 
office. 

A good quality of brown detail paper is very essential, for 

there is in all kinds of detailing a great deal of erasing to be 
done; and time is always saved by using good, tough paper 
that does not rough up by having an eraser used upon it. 

CONCLUSION. 

In concluding this chapter on ** Office Practice'* the author 
desires to again call the reader's attention to the necessity for 
adopting the most systematic methods possible for doing all 
kinds of work, keeping all kinds of records^ and filing all 
kinds of accumulated material. As soon as a large piece of 
work is finished a thorough systemization should be made of 
the knowledge obtained in making both the design and the 
various calculations, so that the office force shall be able to use 
the same lo the best possible advantage when starting on an- 
other bimilnr piece of work. And whenever there is any 
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•pare time iu the ofitee for any of the employees it should be 
devoted to accamulating, digesting, and potting in ooDvenient 
form for use the results of previotts inyestigations, and to do* 
Ing such work as tabulating and recording on diagrams the 

weights of metal per liueal foot of spau for bridges of all 
kinds. 

Finally, in bringing this little treatise to a close the author 
feels that he cannot do better than to repeat from Chapter II 
the following principle : " The systemization of all that one 
does in connection with his professional work is one of the 
most important steps that can be taken towaids the attainment 
of success.* 
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OOEFTEGIENTB OF IMPACT FOB RAILWAY BK 

I = Impact. 400 
i = Length of Span in Feet. XT+SOO* 
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CENTRIFUaAL FORCE IN PERCENTAGES OF LIVE LOAD. 
CF.^ L, a J p - F« Velocity in feet per mcond. = Badius in feet. 





Velocity in Milns p»^r Hour. 
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NoTK, — The stepped line shows tlie limiting percentages for a super* 
eleTatton of A*' tor outer rail. 
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Tablk IX. 
BENDUW XOXSKTB OK PINS. 



MomenU iu lii.- 
Ibs. f6r Fibre 
of 



27,000 
[lbs. pet- 



sq. ID. 



S1200 
25500 

35500 
41400 
47900 

mm 

71000 

80800 
01000 
101900 

lI3fj(X) 
li>6:^ 
139800 

169600 
186100 
308500 
282000 
241500 
^262200 
284100 

aorioo 
asiaoo 

mm 

411600 

441000 
471800 
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587500 
572500 
600200 

647100 
tiSGTOO 
72H000 
77071X) 
&15800 



35.100 
lbs- per 
sq. in. 



27570 
a3200 
39:^00 
4G200 
53800 
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81900 
93100 
105000 
118800 
188600 
147700 
164200 
181700 
200500 
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2^^8600 
314000 
340900 
369300 
399200 
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463900 
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613300 
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792000 
841200 
892700 
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lOoi'.xK) 
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Moinentb in Iu.- 
lbs. for Fibre 
SiraMof 



27,000 
lb& per 
sq. In. 



86,100 
lbs. per 
sq. in. 



861300 
909100 
958800 
1010100 
1063300 
1118;i00 
11751(X) 
1233900 
1294500 
Ki5720<^ 
1421800, 
14886001 
1657000 
1627800 
1700700 
1775700 
1853000 
1932300 
20139<X) 
2097900 
2184;i00 
2-i72m)0i 
23C3600 
2457000 
2552500 
2050900 
275i;iO0i 
29544001 
2*160:^00' 
3068600 
8179500 
320e000 
3109600 
8688100 
36499(] 
3774300 
3901500 
4081400 



1< 



1119700 
1181800 

1313100 
1382300 
1453800 

inerr^oo 

16O4100 
1682700 
i:«34400 
1^48300 
10SS160 

2116100 
82109C0 

2308400 
240e9(X) 
2512100 
2618100 
2727300 
28:^9600 
21)54 HOO 
3072700 
3194100 
3318300 
31 16200 
3576700 
3710700 
3848400 
3989200 
4188400 
4280800 
4432500 
4686600 
47nou0 
4906600 
5073000 
59406001120 



c 



B 

s 



4 

4^ 

4% 

6 
7 
8 

8« 
9 

m 



Moments in In.- 
Ibs. for Fibre 
Straw Of 



27,000 
ibs. per 
iq. in. 



4164500 
4800000 

4580600 
4725000 

4872700 
502:^600 
5177200 
5334700 
5494000 
.•5657800 
5828600 

6166U00 
684S800 

"00 
6704600 

7080500 
7273800 
7470000 

7670700 
7874000 
8081100 

8606400 
8724500 
8946200 
9b7]200 
10857200 
11907300 
130229(X) 
14206300 
19460100 
16783500 
18161300 
10664600 
SlflOfiOOO 



85,100 
lbs. per 
8q.tn. 



5418900 
5500000 
5771100 
5954700 
6142600 
6884500 
6530700 
6780400 
6935100 
714'i200 
7354500 
7670700 
7791000 
801580Q 
824500Q 
8478800 
6716000 
808n00 
tV^TOfl 
9456900 
9711000 

10236200 
10505400 
10779600 
1105aHOO 
11341900 
IK^SOIOO 
12H;i2600 
14114400 
15479.500 
1f'!Vi9800 
1^468200 
20006800 
21818600 
;23635700 
26601000 
27660800 



Miw, J Q<00 Ibt. is tbe allowable stoeSB, excluding wind. 
86100 lbs. ia the allowable atreas. including wind. 
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Table X. 
BBABING ON FINS* 



Bearing. 



83000 Lbs. 
per Sq. Id. 



44000 
46800 
49900 

5:i300 
55000 
57800 
60500 

m^w 

OiiOOO 
68800 
71500 
74300 
77000 
71)800 
«SJ50l) 
85800 

90ti00 
98500 

imoo 

99000 
10J800 
104 500 
lOTiJOO 
110000 

ir>>800 

iir)500 

118^00 
121000 
12;1800 
126500 
189800 
13:2000 
134800 
187500 
140300 
14^)00 
145800 
14S,-aH) 

i&iaoo 



88600 Lbs. 
per Sq. In. 



571M0 
60600 
64400 

71500 
75100 
78700 

8i>200 
8.5800 
89400 
93()00 
90500 
100100 

lOTaoo 

110800 

ntioo 

llbOOO 
1S1600 

125100 
l\i8700 
13:«00 
185900 
139400 
143000 
14U6O0 

r>(h»oo 
i.>j:oo 

157300 
160900 
164500 
168000 
171600 
175200 
178800 
182300 
185900 
180S00 
193100 
196600 



of Fin. 



22000 Lbs. 
per Sq. In. 



28600 Lba. 
per Sq. lo. 



154000 


200200 


166800 


203800 


I90S00 


207400 


162300 


210900 


165000 


214500 


167800 


818100 


170500 


221700 


173300 


225200 


176000 


8S8800 


178800 


S8M00 


181500 


286000 


184:i00 


289S00 


187000 


243100 


189800 


246700 


192500 


250300 


195300 




198000 


2:um 


200tt00 


2t)1000 


S08600 


264600 


20r»300 


268100 


;ii09000 


271700 


S11600 


275800 


214500 


S78800 


217300 




220000 


286000 


222800 


289C00 


225500 


293200 


228:^00 


298700 


2.11000 


800300 


233800 


303900 


236500 


307500 


239300 


311000 


242000 




244800 


318^00 


247500 


821800 


250:i00 


825300 


253000 


328900 


255800 


832.M)0 


258500 


336100 


261300 


339600 



NoTs.— 22000 lbs. per sq. In. te the allowable stress exeluding wind. 

Inelttdlng 
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TABLE XI* 



Tabu XI. 

INTENSITIES FOR FuRKED £SDS AND EXTENSION-PLATES 

OF 0QMP&ES810N-MEM BERS. 



Formula: P= lOUOO - aoo- 



1 




I 
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P 


1 


P 
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P 
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9700 
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6700 


21 


8700 
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9400 


12 


(MOO 


22 


8400 


8 


MOO 


10 


6100 


98 


8100 


4 


8800 


14 


5800 


24 


2800 


5 


8500 


15 


5500 


25 


2500 


e 


8900 


16 


530O 


96 


9900 


7 


7900 


17 


4900 


27 


1900 


8 


7600 


18 


4600 


28 


1600 


9 


7300 


19 


4000 


29 


laoo 


10 


70OO 


90 


4000 


30 


lOOO 
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D8 FOZfXlBUS. 



Table XYl. 

INTENSITIES OF WORKING STRESSIS FOR VARIOUS 

MATEHIALS. 

TENSION-STRESSES. 

I^ye-bars. . J800Q lbs. oer sa. in. 

Shapes 10000 " ** ^ 

Fiar ^^s of floor-beams and stringers (oounting litjii 

of web) 14000 ** ** ** 

Hip verticals (eye-bars) 16000 •* •»»••• 

** " fRhapos) and hanger-platSS* 14000 *' ** " 

Adjustable meiiibtti-8, soft steel IdOOO ** 

'* ** wrought iron.. 18000 ** ***•*• 

lAtenl rods 18000 ' 

sbapes... 10000 



>i (t (( 
»» *k fti 



COMP&£S8ION-STR£68BS. 



Top-chords 18000 lbs. - 70^ persq.ia. 

Inciioed end posts 18000 lbs. - Boi- " *• 

r 

Intermediate posts and subdiaiponals .... 10000 lbs. - OOi^ *^ ** 

r 

Lateral struts (no impact for wind loads) . . . 10000 lbs. -> 00^ 

r 

Coiumutj of viaduqts (fixed ends) .. .. ItKXH) lbs. - fiO- «•«•<• 

r 

() s unsupported length; r = radius of gyration, both In 
same unit.) 



M M 



Forked ends and extension-ptotss 10000 Iba^ M)^ 

= length in iuciies froiri centre of pinhole to first rivet 
beyoTid point where full section of member bsgins; 
i ss. thickness of plate.) 

RoUera, allowing for impact, static load ^ OOOd per lin. in. 

vin;- load aOOtf " *' ** 

(d = diameter of rollers in inches.) 

SB BARING-STRBSSBS. 

Wrb- of plate-girdert, aiiedium stecfl, net section - . . loooo lbs. per sq. in. 
Pins and rivets - 18000 ** " " 



BBNpJ)ia.8TRIBSBS. 

Extreme fibre of rolled sections of medium steel, 

impact included IGOOn iiis. per sq. in. 

Extreme fibre of timber beams, impact included . . 800U " " ** 



♦ Increase net section thi ougii eye 50 per cent over that of body of 
ntiember. 
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TiLBLE X VI— ( Coniiti ued. ) 



INT9!K8IT 



OF WORKINQ-8TBB88E8 FOB VABI0U8 
MATEBIALS. 



ImpMtv ittUwa J bridges, J as 



ImpMSt highway bridgeB, i =^ 



100 



{L = Length in feet of span.) 



For reversfnpr-streftses figure the areas required for both tansioa and 
compression and add of the lesser area to the greater. 
For combined dead, live, and wind load rtr o M OO strain 90 per cent 

hijrher than for dead and live load only. 

The effect of reven^ion of stresses in case of wind loads is to be 
ignored. 

Mo impact is to be added for centrifugal and traction loads. 
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LOAD IN POUNDS. . ^LATE III. 




I LOAD IN POUNDS. 
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EET. ^ PLATE IV. 

320 340 3e0 380 400 420 440' 460 ' 480 500 
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PLATE VI, 



CTRIC CARS FOR HIGHWAY BRIDGES. 
J.A.L. Waddell, 
Consulting Engineer, 

Kansas City, Mo. 




100 1«0 
N IN FEET, 



Digitized by Google 



WIND LOAD IN POUNDS. 




.WIND LOAD IN POUNDS. 
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PLATE IX. 



IRAM OF REACTIONS 
FOR 

LANCED LOADS 

ON 

DRAW SPANS. 

COMPUTED BY 
J.A.L. Waddell, 
'NSULTINQ ENGINEEfl, 
Kansas City, Mo. 




SHORT MID. 



SPAN 



t G0% 
DRAW SPAN . 



100% 
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NO. OF PANEL FROM END OF ANCHOR ARM. 
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PLATE X. 

CURVESHOWiNGWEIGHTS OF TRUSSES OF CANTILEVER 
AND ANCHOR ARMS OF CANTILEVER BRIDGES IN PER- 
CENTAGES OF AVERAGE TRUSS WEIGHT FOR ONE PANEL 
OF SUSPENDED SPAN. 




For weight of tower panet, multiply th« p«ro«ntag« giv«n for pane 

of anchor arm next to tower by 1.8. 

For Spans with Subdivided Panels, A main Of double panel ie to 
be used as the basis of Calculation. 

Metal in Anchorages-- 5^ of total welglit of entire superstructure. 

Metal on Main Piers^^of weight of metad in Anchorages. 

The weights of Lateral Syete me are determined in the same manner 
ae the truee weights. 
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*' A '* truss-bridgeg, advantages of G 

" A " truss- bridges, history and description of 5 

Abandoned drawings 342 

Abuse of man-power machinery. 128 

Abutting ends 114. 

Abutting ends, workmanship on 257 

Accessibility to paint-brush 2a 

Accidents, respoujjibility for 2fi3 

Accuracy in base-line measurements 317, 318 

Accuracy in punching 254, 281 

Adherence to principles in de>iigning 4 

Adjustable members 140, 171 

Adjustable rods for draw-spans Ifi2 

Adjustment of draw-spans 128 

Adjustment of rollers for draw-spans IM 

Adoption of subpunching and reaming 9 

Advantages and disadvantages of high and low bridges. . llii. 

Advantages of combined bridges 133 

Advantages of lift-bridges 1 13 

Advantages of medium steeL 8 

Advantages of soft steel 8 

Advantages of the arch Ifi 

/Esthetic reform in bridge-building M 

/Esthetic reform in bridge-building, opposition to 45 

^Esthetics in cantilever bridges 01. 02 

Esthetics in design 3ft 

Esthetics in design, fundamental principle of 41 

Esthetics in East Omaha draw-span 48 

Esthetics in general engineering constructions 42 

Esthetics in painting 52, 53 

Esthetics in pier designing 53. M 

Alteration of drawings 243, 203, 342 

Ambiguity in stresses in ordinary draw-spans 121 

Ambiguity in trusses 219 
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PIAI 

American Institute of Architects 2S4 

Analytical method of finding stresses 

Anchorage against wind-pressure in cantilever bridges. , 6fi 

Anchorage detiiils for cantilever bridges 6Q 

Anchorage for lower tracks of drums IfiS 

Anchorage for railroad bridges 15Q 

Anchorage of columns to pedestals 22 

Anchorages for draw-spans 124, IflS 

Anchorages for elevated railroads M 

Anchorages for trestles, weights of 9Q 

Anchorages of cantilever bridges, concrete for 6ii 

Anchorages of cantilever bridges, weight of metal in.. . . 72. 

Anchorages of cantilever bridges^ wells in fifi 

Anchor-arms, economic lengths of 25 

Anchor-arms of cantilever bridges, stresses in 58 

Anchor- bars for cantilever bridges 6fi 

Anchor-bolt connections to columns ISl 

Anchor-bolts, specifications for 259 

Anchoring spans to bearings 24 

Anchor-piers of cantilever bridges, weight of masonry in. 62 
Anchor-spans of cantilever bridges, proper lengths for. . . 25 
Anchor-spans of cantilever bridges, weight of metal in, 

73,24 

Angle measurements 323 

Angles connected by one leg only, proportioning of HQ 

Angles connected by one leg only, tests of 22 

Annealing 255 

Annealing test-specimens 242 

Appearance of curvature 20 

Appearance of structure to be governed by location. ... 4fi 

Approaches, flooring on 21fi 

Approaches, ornamentation of. 53 

Appropriate ornamentation for bridges 42 

Arches 29 

Arches, cantilevered 8Q 

Arches, curvature of 84 

Arch depths 84 

Arches for highway bridges 81 

Arches, future investigations concerning 85 

Arches, hinges for 84 

Arches, spacing of 85 

Architects' charges against American bridge-designers 

for want of taste 4Q 

Architectural effect, provision for 12 

Arkansas River Bridge 310 

Arrangement of members in pairs 21 
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PAQK 

Assembling of turntables in shops 

Association of inspectors, proposed 283, 287 

Assumed uplift for highway draw-spans 23fl 

Assumed uplift loads for draw-spans IM 

Assumed upward dead-load reaction in draw-spans 122 

Assumed upward-reaction method. 270 

Attachment of column feet 14S 

Attachment of suspended spans to cantilever-arms 65 

Author's instructions to field-engineers 288 

Author's standard instructions for checking drawings. . 340 

Author's stanxlard instructions to metal-inspectors 284 

Auxiliary, triangulation-hubs 324 

Avoidance of skew-bridges 18 

Avoidance of torsion 2Q 

Axiom in architecture, fundamental 42 

Bad inspection 281 

Balanced loads for draw-spans 184 

Ballast tanks for Halsted Street Lift-Bridge HQ 

Ballot on The Compromise Standard System of I^ve 

Loads, etc 267 

Bascule .bridges 11)5 

Base4ine . measurenu^nts 317 

Base-lines, lengths of 322 

Base-lines, location of 321, 322 

Batten-plates 174,232 

Batter for. piers 305 

Batter ior . trestle columns 81 

Bearing-plates for plate-girder spans Ifi9 

Bearing-plates over drums 200 

Bearings .for. arches 289 

Bearings .upon, masonry 15fi 

Beautifying bridge-designs without increase of cost 46 

Beauty of proportion and mathematics 44 

Bed-plates Ill 

Bed-rock, preparation of, to receive masonry 2iLL 

Bending due to weight of member IM 

Bending moments on pins 151 

Bending moments on top chords 158 

Bending on inclined end posts 159 

Bending on inclined end posts of highway bridges 226 

Bending tests. 248 

Bent eyes. 118 

Benzine for washing drawings 346 

Bessemer steel 245 

"Best kinds of metal paint 10 

Best lengths for tape-lines 
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Best method of letting bridges 2 

Best sections for columns flQ 

Best span-lengths for bridges 320 

Best span-lengths for trestles 86, 180 

Bevel gears 204 

Binding calculations 345 

Binding drawings MA 

Blunders in shopwork 2S2 

Bolt-holes in timber trestles 2Ifl 

Bolts in timber trestles 279 

Bottom-chord packing ilii 

Bottom chords for truss draw-spans 191 

Bottom chords, reversion of stresses in 32 

Boxes for shafting 200 

Braced steel piers 313 

Braced towers for elevated railroads fi3 

Bracing between cylinders 313 

Bracing for draw-spans Iftl 

Bracing for trestle-towers 89, 179 

Bracing- frames for deck-spans Ifi7 

Bracing-frames in multiple- track structures 25, 2G 

Brackets for pinions 193 

Brackets in elevated railroads 180 

Brick piers 309 

Bridge approaches, ornamentation of 53 

Bridge-designing still in process of development 43, 44 

Bridge disasters 131 

Bridges designed by manufacturers 3 

Brown paper for drawings 346 

Buckle-plate floors 143 

Built members, workmanship on 25fi 

Built stringers for highway bridges 230 

Burnt rivets 282 

Cables for Halsted Street Lift-Bridge Ill 

Caissons 292 

Caissons of steel and concrete 309 

Caissons of timber and concrete 308 

Calculations 332 

Calculations, binding of 345 

Calculations, filing of 344, 345 

Calculations, graphical 334 

Camber for draw-spans 212 

Camber for highway bridges 220 

Camber for railroad bridges 149 

Canal Street Folding-Bridge, Chicago 107 

Cantilever-arms, stresses in 5& 



IKDEX. 377 

PAGB 

Cantilever bridges. 5S 

Cantilever bridges, aesthetics in 61,62 

Cantilever bridges, anchorage against wind-pressure 6fi 

Cantilever bridges, anchorage details for 66 

Cantilever bridges, anchor-bars for 66 

Cantilever bridges, combinations of stresses in 6Q 

Cantilever bridge designing, systemization of 51 

Cantilever bridges, economic relations of SI 

Cantilever bridges, erection stresses in 61 

Cantilever bridges, expansion and contraction in 61 

Cantilever bridges, finding stresses in 61 

Cantilever bridges, impact for 61 

Cantilever bridges, live loads for 60, 0 1 

Cantilever bridges, pedestals for 66 

Cantilever bridges, stresses in 58 

Cantilever bridges, widening of, over main piers 62 

Cantilevered arches 8Q 

Cantilevering simple spans during erection 16 

Cantilevers for roof- trusses 57 

Care of machinery for drawbridges 1211 

Cast iron 245 

Cast iron, specifications for 252 

Cast-iron trimmings for decoration 52 

Cast steel, specifications for 253 

Cement and concrete testing 292, 205 

Centre-bearing turntables 123 

Centre castings for draw-spans 193, 191 

Centre piers for bascule bridges 106 

Centrifugal load 15i 

Chalk, powdered, 346 

Changes in drawings 243, 342 

Changes of temperature 155 

Changing specifications 264 

Character of fiange section of plate-girders 161 

Charges by architects against American bridge-design- 
ers for want of taste 4Q 

Cheap highway bridges 23Q 

Cheap trestles Hli 

Checks on accuracy in triangulation 324 

Checks on correctness of percentage curves for canti- 
lever bridges 77. 78 

Checking calculations 334, 335 

Checking dead load 334 

Checking drawings 337. 340 

Checking finished design, method for 211 

Checking preliminary drawings 243 
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Checking shipping weights 280 

Checking shop-drawings 343 

Choice of colors in painting bridges 53 

Chord packing IIH 

Circulars to railroad engineers 

Classes of combined bridges IM 

Classification of highway bridges 212. 

Classification of piers 304 

Cleaning metal-work 26Q 

Clearance for elevated railroads 102 

Clearance for highway bridges 212 

Clearance in packing, provision for 24 

Clearances in railroad bridges 144 

Clearances over waterways 328 

Clearing away rubbish, etc., for trestles 2Ifi 

Closed iloors for elevated railroads 92 

Closing thoroughfares 2ii2 

Coefficient of expansion 318. 319 

Coffer-dams 301.302 

Coincidence of stress and gravity lines 21 

Collapsing bucket, use of 233 

Collai)sing of steel cylinders in sinking 2S1 

Collars for shafting 205 

Colors for paints 200 

Column feet, elevation of 22 

Column feet, expansion for 89,90 

Column feet, filling of 22 

Column feet, protecting 291 

Columns acting as beams 26 

Columns, best sections for 90 

Columns for elevated railroads 118 

Columns for trestles, batter for 82 

Columns, splices in 90 

Column tops in trestles and elevated railroads 20 

Combination liridge Co/s Sioux City Bridge 135 

Combinations of loads for draw-spans 180 

Combinations of stresses for plate-girder draw-spans 188, 189 

Combinations of stresses in cantilever bridges 00 

Combinations of stresses in highway bridpres 225 

Combinations of stresses in railroad bridges liiS 

Combinations of stresses in railroad trestles 158 

Combinations of stresses in trestle columns 88 

Combinations of stresses, recording 334 

Combined bridges 133 

Comparative economy of arches and simple truss spans.. 82 

Comparative importance of live and dead loads 2 
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Comparative weight of bridges let by the pound and 

by lump sum 2 

Competition in inspection 

Competitive designs, evil effects of 139 

Competitive plans 1 

Complete data, necessity for 18 

Composition of rolled steel 245 

Compound web-plates 114 

Compression flanges of plate girders, sections of Ifil 

Compression formulte IM 

Compromise Standard System of Live Loads, etc 2ii5 

Concentrated loads for highway bridges 222, 223 

Conclusion 346 

Concrete for anchorages of cantilever bridges 66 

Concrete, injury to 

Concrete mixing 2iCl 

Concrete piers 310 

Concrete piers, forms for 292 

Concrete, testing materials for 292 

Connecting-plates for riveted girders 110 

Connecting web-angles to chords by one leg only 96 

Connection for shoes at ends of draw-spans 210 

Connection of columns to masonry lEl 

Connection of suspended spans Oil 

Connections of floor-beams to posts LIS 

Consideration of quality, frequency, and probability of 

stresses 22 

Consultation concerning architectural features 50 

Contempt of engineers for architectural features in de- 
signing 44 

Contents of drawing-sheets 338 

Contents of stress-diagrams 3M 

Continuity of stringers in railroad bridges 160 

Continuous spans 148 

Contraction, provision for 23 

Convergence of engineering practice and architectural 

ideals 47.48 

Correction for temperature in base-line measurements. . 319 

Correctness of impact formulae 7, 8 

Cost of traveller affected by truss depth 32 

Counterbracing in highway bridges 219 

Counters Ill 

Counter weigh ted bascule bridges 100 

Counterweights of Halsted Street Lift-Bridge 108 

Couplings for shaftings 205 

Cover- plates for plate girders 161 
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Crimping of web stiffening angles M 

Cross-section paper for bridge calculations. 232 

Cross-tics 141 

Crowfoot seams 297 

Cupped bearings for end rollers of draw-spans 21Q 

Curvature in chords, appearance of 20 

Curvature of arches 84. 

Curvature of top chord &1 

Curved members in English bridges 2Q 

Curved members, objections to lil 

Curve of pressure for masonry piers 305, 306 

Curves of weights for cantilever bridges 72, 14 

Cutting off idle corners 254 

Cutting off tops of columns of elevated railroads Sfi 

Cylinder piers 311 

Cypress 2fifi 

Damages 263 

Dapping ties 142 

Data for elevated railroads 102, 331 

Data for layout of structure 33Q 

Data for spans, list of 332 

Data, necessity for complete 18 

Dead load 132 

Dead load, preliminary 333 

Dead-load reactions in draw-spans, upward assumed .... 122 

Dead loads for draw-spans IM 

Dead-load stresses 333 

Dead-load stresses in draw-spans 122 

Decoration, legitimate and illegitimate 4fi 

Defective work 262 

Defects in timber 299 

Deflection of draw-spans 212 

Demoralized inspection 282, 283 

Depth of truss, economic 30 

Depths, effective 145 

Depths of arches 84 

Depths of drums 123 

Depths of longitudinal girders for elevated railroads .... 102 

Depths of trusses for draw-spans 1R3 

Designing, errors in 5 

Designing of piers 3Q1 

Des Moines River Bridge piers 315 

Detail drawings 243 

Detail drawings, method of making 337. 338 

Detailing 138 

Detailing of members having excessive strength 23 
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Details of design for highway viaducts 2M. 

Details of design for open- webbed, riveted girders 16» 

Details of design for pin-connected spans 170. 228 

Details of design for plate-girder draw-spans 188, 190 

Details of design for plate-girder spans 1 66. 228 

Details of design for rolled I-beam spans 166, 227 

Details of design for trestles and elevated railroads 178 

Details of design for truss draw-spans 191 

Details of drums and turntables 192, 241 

Details of highway bridges 2iiD 

Details of operating machinery lor draws 204 

Details of trestles EI 

Details, tests of 253 

Determination of power for operating and lifting draws. 202 

Development of faculty of judgment 14 

Diagonals for lateral systems 112 

Diagonals for vertical sway- bracing 112 

Diagram of reactions for draw-spans Ml 

Diameters for drums 123, 124 

Dimensions for trestles 276 

Dimensions of drawings 344 

Directions to Contractor 262 

Direct tension, rivets in 25 

Disadvantages of combined bridges 133 

Disadvantages of the arch IS 

Disagreements between manufacturers and engineers. 10, 11 
Distance between expansion points in elevated rail- 
roads 95,180 

Distribution of load over drum 125 

Dividing up bracing in trestle towers 88, 149 

Division of dead load 152 

Doric order 45 

Double concentrated load method 2tifi 

Double rotating cantilever draws IM 

Drainage of pivot piers 128, 195 

Drawings, filing of 244 

Drawings for trestles 277 

Draws, double rotating cantilever IQ^ 

Drift-bolting 229 

Driving field-rivets 24 

Driving pHes 218 

Driving piles into cylinders 513 

Drawbridges far various span lengths, styles of 1S2 

Drawers for filing drawings,. 344 

Drawings — 243 

Drawings, dimensiona oi ^ 5M 



382 INDEX. 



PAOB 

Drawing-sheets, contents of 

Drawings, making of 335 

Draw-spans, adjustment of 128 

Draws, pull-back 104 

Drifting tests 249 

Drillings for chemical analysis 246, 247 

Drums, details of 102 

Drums for Halsted Street Lift-Bridge 112 

Drum webs 193 

Duties of bridge specialist 3 

Dynamite in pier-sinking, use of 303 

Ease in designing 13 

East Omalia Bridge 135. 136 

East Omaha Bridge piers 303, Mi 

East Omaha draw-span, equalizers for 125 

East Omaha draw-span, rising of ends 126, 121 

Eccentric loading from sidewalks 222 

Economical conditions for cantilever bridges 56 

Economic depths for trusses with polygonal top chords.. 32 

Economic deptlis of plate girders 33 

Economic depths of trusses 30 

Economic functions of cantilever bridges 70 

Economic layouts for viaducts 87 

Economic length of anclior-arm for fixed distances be- 
tween main piers 75 

Economic length of main span in cantilever bridges for 

fixed distances between anchorages 7A 

Economic length of suspended span 10 

Economic panel lengths 33 

Economic principle for any layout of spans 3fi 

Economic relation>s of cantilever bridges 57 

Economics for crossings involving danger of washouts. . 38 

Economic span lengths 33, M. 

Economic span lengths for elevated railroads 92,113 

Economic span lengths for trestles 86^ 180 

Economic span lengths, mathematical demonstration of. 34 
Economy, comparative, for arches and simple truss 

spans 82 

Economy in design 30 

Economy in roof- trusses 57 

Economy in trestles and elevated railroads 36, 84 

Economy in trusses with parallel chords 31 

Economy, necessity for 15 

Effective depths ; 145 

Effective diameter of rivet 105 

Effective lengths 145 
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Effective strength of plate-girder webs in bending 1^ 

Effect of impact, provision for 16, H 

Effect of weight of traveller on erection stresses 

Effects of changes of temperature 155 

Elastic limits 247 

Electric lights for ornamentation 52 

Electric motors for draw-spans 2111 

Electric railway loads 223 

Electric railways on highway bridges 133 

Elementary principles in outlining spans 50, 51 

Elevated railroads ILL 

Elevated railroads, economy in 36 

Elevated railroads, ornamentation of 52 

Elevation of column feet 21 

Elongation MI 

End-bearing rollers for draw-spans 209 

End floor-beams for highway bridges 21B 

End-lifting apparatus for draw-spans 207, 211 

End posts, bending on IM 

Ends of channels, trimming 176 

Engineer 264 

Engineering practice and architectural ideals, con- 
vergence of 47j 48 

English bridges, curved members in 20 

Equalizers for draw-spans 125, 201 

Equivalent live loads for elevated railroads 02 

Equivalent live loads for railroad bridges 151 

Equivalent twisting moment on shafting 206 

Equivalent uniform load method 265, 268 

Equivalent uniformly distributed live loads for higii- 

way bridges 223 

Erasures on tracings 343, 344 

Erection 261 

Erection of arches 79, 80 

Erection stresses in cantilever bridges 61 

Errors for graphics, limits of 335 

Errors in designing 5^ 12 

Errors in triangles 323 

Errors in triangulation 311 

Establishment of first principles 12 

Establishment of formulae for impact 7^8 

Estimating weights of details, liberal allowance for 28 

European practice in aesthetic designing 54: 

Excavation 201 

Excessive expansion joints in elevated railroads 08 

Excessive strength, detailing of members having 23 
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Expansion and contraction in cantilever bridges ^ 



Exfmngion and contraction, provision for 23 

Kxpansion for column feet in trestle- towers 90, 149 

£xpan8i<m for railroad bridges 149 

Expansion joints 

Expansion pockets Iftl 

Bxpansion rollers 177 

Experiments on hinged columns lA 

Experiments on impact 6 

Explanation of specifications 5 

Exterior si<le walks 222 

Extension plates Ufi 

Extra loads due to curvature ]M 

Extreme fibre-stress for timber , 156 

Extreme fibre-stress on shafting 2M 

Eye-bars, heads of IIS 

Eye-bars, spe<'ifications for 257 

Factor of ignorance I 

Faculty of rapid judgment 14 

Failures of highway bridges 13Q 

Fatigue of metals 2ii 

Faults in existing elevated railroads 9§ 

Faulty designing of top chords of open- webbed girdei's.. 97 

Faulty detailing IM 

Faulty intersection of gravity lines in girders of ele- 
vated railroads 9fi 

Field-riveting in riveted girders IM 

Field-riveting, reduction to a minimum 24 

Field-rivets, ease in driving 24 

Field-ri\'ets, intensities for 156 

FieUl-splicing for plate-girder draw-spans 1S9 

Filing drawings and other data 344, 345 

Filing-tubes 345 

Filling caissons 292 

Filling of column feet 21 

Filling recesses in metal- work before painting 261 

Finding stresses in cantilever bridges 61 

First principles, establishment of 12 

First principles of designing 12 

Firth of Forth Bridge QI 

Fixed ends for columns of elevated railroads 180 

Flange splices in plate girders 161 

Flats for diagonals for riveted girders 120 

Floating draws 118 

Floating timber 2S8 

Flooring on approaches 216 
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Floor-planks for highway bridges 22A 

Floors for elevated railroads 92 

Floors for wooden trestles 215 

Folding bridges 1D2 

Foresights 325 

Forked ends 176, 233 

Forms for concrete piers 2112 

Forms of trusses for highway bridges 21S 

Forms of trusses for railroad bridges 145, 140 

Formulai for truss weights 320, 330 

Formulee for wooden compression members 27<> 

Formula for impact for railroad structures 2 

Foundations, testing of 2U1 

Fracture 24Q 

Framed trestles 273, 275 

Framing timber trestles 278 

Frequency of stress application 22 

Full lengths of sections 114 

Full-sized eye-bars, tests of 2ii0 

Full -sized members, testing of 288 

P'ull-sized members, tests of 253 

Fundamental axiom in architecture 42 

Fundamental principle of aesthetics in design 42 

Future investigations concerning arches 85 

Gas-engines for operating draw-spans 12Q 

Gaslights for ornamentation 52 

Gasoline engines for operating draw-spans I 20, 201 

Gear wheels 2114 

General economic principle for all structures, involving 

capitalized cost of deterioration and repairs 38 

General instructions to field- inspectors 2115 

General layout of structure 33Q 

General limits in designing highway bridges 221i 

General limits in railway- bridge designing IM 

General notes on detail drawings 342 

General principles for proportioning details 28 

General principles in designing all structures liil 

General provisions on methods of testing ^4(1 

General specifications for liighway bridges and viaducts. 213 
General Specifications for liighway Bridges of Iron and 

Steel 1^) 

Girders in trestles, spacing for HI 

Girders over drums lili) 

Graphical calculations 3M 

Gravity axes, intersection of 211 

Grillages 30;>, :m 
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Guard-timbers 142 

Guide-chairs for rail-lifts 209 

Guiding caissons and cylinders in sinking 222 

Half-through plate-girder spans 168 

Halsted Street Lift-Bridge at Chicago 108 

Hand-operating machinery 20<» 

Hand-of)erating machinery, necessity for 202 

Hand-rails for highway bridges 215, 210 

Hand-rails, ornamental 52 

Hand turning-machinery, formulae for 203 

Harlem River bascule bridge at New York lOZ 

Harshness of outlines of truss-bridges 42 

Heads of eye-bars UiJ 

High steel, use of 8, 141.182, 244 

Highway-bridge failures 130, 131 

Highway bridges 130 

Highway-bridge lettings 2 

Highway bridges, classification of 213 

Hinged ends for columns 90^ 179 

Hinges for arches , 84 

Hip verticals for highway bridges 220 

Hip verticals for railroad bridges 148 

Holes in timber for trestles 2Iii 

Horizontal bending on cross-girders of elevated rail- 
roads 88 

Horizontal sway-bracing in trestle- towers 89 

Houses for machinery of draw-spans ^. . . . 211 

Howe's Treatise on Arches 81, 82 

Hubs, triangulation 320 

Hydraulic buffers for Halsted Street Lift- Bridge 109 

Ice-breaks for piers 308 

Identification of metal 246 

Ignoring bending in columns of elevated railroads 100 

Imaginary superiority of cantilever bridges 5ii 

Impact 

Impact allowance for highway loads 224 

Impact allowance for railroad loads 152, 223 

Impact for cantilever bridges 01 

Impact for highway bridges 8, 132 

Impact method, importance of Z 

Impact stresses, method of finding 333 

Importance of chapter on First Principles 12 

Importance of impact method 2 

Importance of rigidity 15, 10 

Importance of scientific detailing 139 

Improvement in highway-bridge building 131 
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Improvement in inspection 283 

Improvements in design for Halsted Street Lift-Bridge.. 113 

Incapacity of lacing to carry transverse load 2ii 

Inclined end posts, bending on 159 

Inclined end posts of highway bridges, bending on 220 

Inclined end posts, sections of HQ 

Inclining truss-planes of cantilever bridges ^ 

Incorrect assumptions in economic investigations 3Q 

Indexing 3M 

Index of tubes 345 

India inks 34fi 

Indices 345 

Indirect wind load IM 

Indirect wind load for draw-spans 185 

Ineffective anchorages for elevated railroads IQH 

Ingots 245 

Inherent sense of fitness 14 

Injury to concrete 203 

Inspecting rails 2SQ 

Inspection 244 

Inspection of masonry 294 

Inspection of mateiials and workmanship 281 

Inspection of painting 2DQ 

Inspection of paints 2iiO 

Inspection of stone for masonry 2iMi 

Inspection of timber 297 

Inspection, strictness of 2ii3 

Inspectors' reports 2Mi 

Instructions for checking drawings Mil 

Instructions to field-engineers 28S 

Instructions to metal-inspectors 284 

Instruments for triangulation 323 

Insufficiency of rivets in elevated railroads Qfi 

Insuflicient bases for pedestals of elevated railroads. . . . IQl 
Insuthcient bracing between adjacent longitudinal 

girders in elevated railroads 07 

Insufficient bracing on curves in elevated railroads 117 

Intensities of working-stresses 155 

Intersection of gravity axes 2Q 

Intricacy of the science of bridge-designing 15 

Intrusting designing to experts 5 

Investigations concerning paints 2 

Iron rods for base-line meiisurement 312 

I struts, spacing of angles in 177 

Jack-knife bridges lill 

Jaw-plates 2M 
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Jefferson City Bridge, anchorage for dntw-span 124 

Jefferson City Kridf^o piers 31.3 

Jefferson City Bridge triangulation iiZii 

Joists for highway bridges 214 

Judgment in designing, necessity for 15, 23 

Kansas City & Atlantic Railway bridge 114. Lia 

K. C, P. & G. Railway bridge over the Arkansas River.. 310 

Keyholes for hand* levers of draw-spans 211 

Knots in timber 2^ 

Labor-saving devices, use of L3 

Lacing 174.175, 232 

Lacing, incapacity to carry transverse load 2fi 

Lack of aesthetic treatment in American bridge de- 
signs, reasons for 3fi 

I^ck of economy in cantilever bridges 5a 

Lack of rigidity in cantilever bridges. 55, 5Z 

Lack of rigidity in suspension bridges 51 

Lansdowne cantilever bridge 67, 68 

Latches for draw-spans 200 

Lateral bracing for highway bridges 219 

T/ateral bracing on curves in elevated railroads. IBQ 

Lateral struts, sections of Ill 

lateral systems for draw-spans 1S2 

Lateral systems, weight per foot of 3211 

Lattice girders, objection to lil 

Laying out work 328 

Layout of structure, general 33Q 

Layouts for elevated railroads 331 

Layouts for viaducts, economic 81 

Least thicknesses of drums IM 

Least thickness of metal in highway bridges 226 

Legitimate and illegitimate decoration 4fi 

length of centre panel for draw-spans 183 

Length of pin-plates 14 

Lengths, effective 145 

Lengths of base-lines 322 

Lenticular arches ... 83 

lettering 339 

Letting bridges by the pound 1311 

Levelling off tops of pivot piers * IM 

Levels in pier-sinking 326 

Liberal allowance in estimating weights for details 28 

Lift-bridges IDS 

Lifting deck 1 14 

T^iniitation of scope of all specifications 15 

Limiting lengths of cantilever brackets. 22fi 
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Limiting lengths of continuous steel stringers 227 

Limit of working-stress 8 

Limits in bridge-designing 160, 226, 221 

Limits of errors for graphics 

Links for toggles of draw machinery 20B 

List of data for spans ii32 

Live and dead loads, comparative importance of 2 

Live loads for cantilever bridges 60, 61 

Live loads for combined bridges L36 

Live loads for draw-spans liiS 

Live loads for elevated railroads 9L 151 

Live loads for highway bridges 221 

Live loads for railroad bridges 151 

Loads for draw-spans 183 

lioads for highway bridges 221 

Loads for piles in cylinders 313 

Loads for railroad bridges 150 

Locating piers during sinking 326 

Location of base-lines 321, 322 

Location of structure as affecting its decoration 4(5 

Long panels 51 

Long sights in triangulation 323 

Long steel tape, measurements with 319 

Loop-eyes 178 

Ijoose rivets 255 

Lower-chord packing Hfi 

Lower lateral systems of highway deck-bridges 21fl 

Lower lateral systems of railroad deck-bridges 219 

Lower tracks of turntables IM 

Lubricating sliding and rolling surfaces 

jjUinp-sum bids 2 

Machinery for drawbridges, care of 12S 

Machinery for draw-spans 201 

Machinery for Halsted Street Lift-Bridge Ill 

Machinery-houses for draw-spans 211 

Main central spans of cantilever bridges, stresses in. . 59, 60 

Main members of highway truss- bridges 218 

Main members of railroad truss-bridges 146 

Making detail drawings, method of 337 

Making drawings 335 

Man- power machinery 128 

Man-power operating apparatus for Halsted Street 

Lift-Bridge 112 

Man-power operating machinery, necessity for 2(i2 

Margin lines for drawings 3311 

Mask of ornamental cast iron 42 
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Masonry, bearings upon 156 

Masonry, inspection of 2M 

Masonry piers 305 

Materials for draw-spans 

Materials for highway bridges 213 

Materials in railroad structures 141 

Materials, specifications for 243 

Mathematical demonstration of economic span length.. . M 

Mattresses around piers 314 

Measurement of angles 323 

Measurements on the ice 31S 

Measurements with long steel tape 319 

Measure of strength of structure lii 

Mechanical-power turning-machinery, formulae for 203 

Medium steel, reason for using 8 

Memphis Bridge 68 

Menominee Canal bascule bridge at Milwaukee lOZ 

Metal 244 

Metal-work for timber trestles 279 

Method of checking finished design 211 

Method of determining power required for operating 

and lifting draws 202 

Method of making detail drawings 331 

Method of measuring with steel tape 319 

Method of utilizing equivalent loads 261 

Methods of operating revolving draw-spans 120 

Methods of pier-sinking 301 

Methods of study of esthetics in any bridge design fi9 

Methods of testing 240 

Metropolitan Elevated bascule bridge, Chicago lOfi 

Minimum fees for professional work 284 

Minimum thicknesses of drums 194 

Minimum thickness of metal in highway bridges 220 

Mistakes of construction 12 

Mixing concrete 293 

Modern bridge an offence to the landscape 41 

Moments on pins LSI 

Movable bridges in general 103 

Multiple systems of cancellation 18 

Multiple-track structures, bracing frames in 25^ 20 

Name-plates .TT." 150 

Name-plates, specifications for rr.'. . T77T. .... 259 

Necessity for allowance for variation in pier-sinking, r. 310 

Necessity for bridge specialist 3 

Necessity for complete data 18 

Necessity for experiments on impact 12 



INDEX. 391 

PAOE 

Necessity for subpunching and reaming fl 

Necessity for symmetry in riveting 22 

Necessity for symmetry of section 21 

Necessity for thorough inspection .'^QQ 

Net section Lai 

Net sections near pinholes Uii 

Niii^mra cantilever bridge .'^14- 

Nippon Railway bridges 62 

Notching ends of cross-girders 112 

Notes for triangulation-work 223 

Notes on drawings 339 

Number of columns for elevated railroads ' 23 

Number of rivets at ends of plate-girders IfiS 

Number of test- pieces 24!) 

Nuts, specifications for 258 

Oaks 2118 

Objections to curved members lH 

Objections to large bascule bridges lilZ 

Objections to lattice girders lil 

Objections to redundant members lH 

Objections to skew-bridges 18 

Objections to star-struts 28 

Objections to two-rivet connections 25. 

Objections to Whipple trusses lil 

Obstacles in pier-sinking 302 

Office materials 345 

Office practice 32S 

Oil-grooves IM 

Omission of diagonals in lateral systems of cantilever 

bridges 05 

Omission of diaphragm webs in columns of elevated 

railroads 100 

Open-dredging process 302. dil3 

Operating cables for Halsted Street Lift-Bridge 112 

Operating machinery for Halsted Street Lift-Bridge. ... ill 

Opposition of steel-manufacturers to improvement HI 

Opposition to jesthetic reform in bridge-building 45 

Opposition to proposed methods of design 4 

Ornamental casting, mask of 42. 

Ornamental hand-rails 52 

Ornamentation for bridges, appropriate 41 
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